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NEUROLOGY 


P 


CHARLES SHAGASS, M.D. 

JAMES NAIMAN, M.D. 

and 

JOSEPH MIHALIK, M.D., Montreal, Canada 


Standard psychiatric nomenclature differ- 
entiates several categories of depressive syn- 
dromes, such as manic-depressive, involu- 
tional, and reactive depression.* One of the 
main concepts underlying this classification 
is that neurotic and psychotic depressions 
are different. This concept is not universally 
accepted, and it has been criticized by sev- 
eral workers.¢ Grounds for criticism have 
included the overlapping of symptomatology, 
the unreliability of supposedly specific clini- 
cal differentiating features, and the almost 
equal incidence of suicidal risk in both types. 
Others consider the differentiation between 
neurotic and psychotic depression to be valid 
and useful.’ It is probably true to state that, 
even though there are theoretical objections 
to the distinction, it is widely applied in cur- 
rent clinical practice. The advent of electro- 
convulsive therapy (E. C. T.) has increased 
its practical importance, since psychotic de- 


Received for publication Oct. 17, 1955. 

From the Allan Memorial Institute of Psy- 
chiatry and McGill University. 

This research was supported under Defence 
Research Board (Canada) Grant 9345-04, Project 
Number D50-93-45-04, and by a grant from the 
Department of National Health and Welfare of 
Canada. 

* References 1 and 2. 

+ References 3 and 4. 


presssion is considered a better indication 
for E. C. T. than neurotic depression.® 

As the disagreement concerning the differ- 
entiation between neurotic and _ psychotic 
depression is based upon conflicting inter- 
pretations of clinical observations, it was 
felt that the problem might be clarified by 
the addition of new objective data. The main 
purpose of this investigation was to apply 
a recently developed neurophysiological test, 
the sedation threshold,’ to the study of de- 
pressive states, with particular emphasis 
upon the problem of distinguishing between 
neurotic and psychotic depression. 

The sedation threshold is determined by 
recording the EEG and speech changes in- 
duced by injected amobarbital (Amytal) 
sodium. The threshold has been shown to 
be correlated in opposite directions with two 
psychological factors, which have been for- 
mulated as (a) manifest anxiety and (b) 
impairment of ego functioning.t The greater 
the degree of manifest anxiety, the higher 
the threshold. The greater the degree of 
impairment of ego functions, such as contact 
with reality, the lower the threshold. These 
psychological correlates of the sedation thresh- 
old seem pertinent to the problem of differ- 
entiating between neurotic and psychotic 
depressions. Neurotic depressive states are 
often accompanied by considerable anxiety 
and are difficult to distinguish from anxiety 
states. Reality contact is impaired in psy- 


t References 8 and 9. 
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chotic depressions. Consequently, one would 
expect high sedation thresholds in neurotic 
depressions and low thresholds in psychotic 
depressions.§ This prediction was tested here. 
Data bearing on two related problems were 
also obtained in the present investigation. 
These concerned (a) the question of neuro- 
physiological differences between anxiety and 
depression, and (>) the relationship between 
the sedation threshold and response to E. C. T. 
In connection with neurophysiological differ- 
ences between anxiety and depression, one of 
us recently demonstrated that these affects 
differ quantitatively in terms of the EEG 
response to intermittent photic stimulation. || 
In the present study we compared states of 
anxiety and depression with respect to the 
sedation threshold. As regards the sedation 
threshold and E. C. T., preliminary results 
of two kinds are reported here. These in- 
volve (a) the effect of E. C. T. on the seda- 
tion threshold and (b) the relationship 
between the threshold and the short-term 
therapeutic outcome of E. C. T. 


METHODS 


Test Procedure—The procedure for determin- 
ing the sedation threshold has been described in 
detail in previous publications.{ In brief, it is per- 
formed as follows: Amobarbital sodium is injected 
intravenously at the rate of 0.5 mg/kg. of body 
weight every 40 seconds while the frontal EEG is 
recorded continuously. The injection is continued 
beyond the time at which slurred speech is definitely 
observed. Amobarbital sodium  characteristically 
produces an increase of 15 to 30 cps in EEG activity, 
which is most marked in the frontal tracing. The 
amplitude of the 15 to 30 cps activity is measured 
and a curve plotted, with amplitude as the ordinate 
and amount of drug as the abscissa. This curve is 


§ This prediction, which is derived from a two- 
factor concept of the psychological correlates of 
the sedation threshold, is contrary to the one factor 
(anxiety) hypothesis upon which the initial study 
with this procedure was based.? Prior to study- 
ing large samples of psychotic patients, the nega- 
tive correlation with ego impairment was unsus- 
pected. Since psychotic patients are usually tense 
and anxious, especially in the acute stages of their 
disorder, these patients were expected to have 
high sedation thresholds. The data later contra- 
dicted this expectation.® 

|| References 10 and 11. 

{ References 7 and 8. 
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usually S-shaped. The onset of slurred speech 
usually coincides with an inflection point in the 
S-curve, preceding which the amplitude of the fast 
activity rises sharply, and following which it tends 
to form a plateau. The sedation threshold is the 
amount of amobarbital sodium, in milligrams per 
kilogram, required to produce this inflection point. 
A further qualification is that the inflection point 
must occur within 80 seconds of the onset of slurred 
speech. The slurred speech thus serves as a rough 
guide to the sedation threshold, while the EEG 
change is the precise guide. 

Pertinent technical details concerning the pro- 
cedure have been summarized elsewhere.* It may 
be stated that age, sex, and previous sedative intake, 
up to a total of 400 mg. of amobarbital sodium daily, 
or its equivalent, do not apparently influence the 
sedation threshold. Also, the test-retest repeatability 
of the procedure is high. Most of the sedation 
thresholds reported here were determined from 
hand measurement of EEG samples by means of 
an additive ruler. In some of the later determina- 
tions, measurements were also made by means of 
an automatic electronic analyzer method, which, in 
most instances, yielded identical results. The auto- 
matic analyzer method is now in routine use in this 
laboratory. 


Experimental Population—The subjects were 
182 psychiatric patients. These were drawn from a 
total of 440 psychiatric patients of all kinds who 
had received an initial, technically valid, sedation 
threshold test at the injection rate of 0.5 mg/kg/40 
sec. All patients in this group who were classified 
under a psychotic depression, schizoaffective psy- 
chosis with depression, neurotic depression, and 
anxiety state were used in this study. In addition, 
a group of 10 patients who may be described as 
suffering from depressive episodes with hysterical 
features was included; this group will be referred 
to as the “hysterical’-depression group. Age and 
sex descriptions of the groups, together with the 
numbers of cases in each, are given in Table 1. In 
this Table the psychotic-depression group is divided 
in two, according to whether or not patients had 
received any E. C. T. within a period of six months 
preceding the sedation threshold test. 

The diagnostic classification employed here was 
based upon the notes of clinical examinations by at 
least two psychiatrists, usually three, of whom only 
one was concerned in this investigation. In addition, 
the record of a hospitalization, usually averaging 
35 days in duration, was used to corroborate the 
initial clinical impression. Although every attempt 
was made to classify each case, those for which the 
evidence seemed incomplete or unclear were omitted 
from the study. Unclassified cases constituted about 
10% of all tested. 


The psychotic-depression group included patients 
with the diagnosis of manic-depressive psychosis 
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NEUROTIC AND PSYCHOTIC DEPRESSIONS 


(depressed phase), involutional melancholia, or 
simply endogenous depression. The relation of such 
factors as psychomotor retardation or agitation to 
the sedation threshold was determined and will be 
presented. An analysis was also made of the possible 
effect of previous depressive episodes. The psy- 
chotic-depression group differed markedly from the 
neurotic-depression group in such characteristics as 
marked psychomotor retardation, agitation, de- 
lusions, hallucinations, mutism, and negativism. In 
addition, the psychotics had a much higher incidence 
of previous well-delineated depressive episodes. The 
incidence of suicide attempts was approximately 
5 the same in the psychotic and the neurotic groups. 

The seven cases of schizoaffective psychosis with 
depression were all delusional or hallucinated or 
both, and presented a paranoid picture, in addition 

to marked depressive symptoms. 

The group designated as the “hysterical”-depres- 
sion group consisted of 10 chronic psychoneurotic 
patients, with prominent hysterical features. How- 
ever, in each case the reason for hospitalization was 
a depression of incapacitating intensity, which was 


TABLE 


results of E. C. T. The results reported here were 
the immediate short-term effects of treatment as 
observed at the time of discharge from the hospital. 
It is to be expected that a significant number of 
relapses occurred later on and that varying num- 
bers of treatments detracted from the validity of 
such comparisons as were made here. Patients re- 
ceiving fewer than four treatments were arbitrarily 
classed as having had an incomplete course of ther- 
apy. Also, no attempt was made to equate the groups 
in terms of additional treatment, such as subcoma 
insulin therapy and psychotherapy, which were fre- 
quently administered concurrently with E. C. T. It 
was sometimes impossible to assess the results of 
treatment from the available statements in discharge 
summaries, and such cases were excluded from the 
statistics. 


RESULTS 
Comparison of Sedation Thresholds in Dif- 
ferent Groups.—Distributions of sedation 
thresholds in the patient groups are shown 


Classification 
Psychotic depression (E. C. T.)........ 
Schizoaffeetive (depressed) 
“Hysterical” depression 
Neurotic depression 
Anxiety state 


nearly always of sudden onset. It was obviously 
unclear whether the patients in this group were to 
be regarded as psychotic or neurotic. The group 
was included in this study because it serves to 
illustrate a differential diagnosis problem, which 
is not yet solved. This problem arises from the fact 
that the sedation threshold is low in hysteria,* as 
well as in psychotic depression. 

The patients classified as the neurotic-depression 
group all presented with predominating depressive 
complaints. There were no psychotic symptoms in 
the clinical picture. There were, however, usually 
other neurotic symptoms, mainly anxiety, and most 
of the patients gave clear evidence of obsessional 
personality characteristics, in such traits as perfec- 
tionism and extreme orderliness. 

The patients classified as anxiety-state cases 
presented predominantly anxiety symptoms, al- 
though most were also depressed in mood. The 
depression was considered secondary to the anxiety. 
The basic personality structure was also obsessional, 
and it is likely that another psychiatrist classifying 
these cases might interchange some of the anxiety- 
state and neurotic-depression cases. 


Evaluation of E. C. T. Results —No attempt was 
made to carry out a follow-up evaluation of the 


No. of Age Mean 
Cases Male Female Range, Yr. Age, Yr. 
66 29 37 31-80 54.6 
10 3 7 31-66 47.5 
7 4 3 28-51 39.4 
10 4 6 25-62 42.2 
47 16 31 23-61 40.6 
42 21 21 19-68 34.9 


182 77 105 19-80 4.8 
in Table 2, together with the mean thresh- 
olds for each. It is clear that the sedation 
thresholds of patients with neurotic depres- 
sions and anxiety states were markedly 
higher than those of other patients. The 
thresholds of the “hysterical”-depression pa- 
tients were identical with those of psychotic 
depressions. Leaving the “hysterical’-de- 
pression group out of consideration, it ap- 
peared that a point somewhere between 3.5 
and 4 mg/kg. was the natural dividing line 
between the thresholds of the neurotic and 
the psychotic groups. Only 3 of the 89 
neurotic patients had a threshold of 3.5 mg/ 
kg. or less, and only 4 of the 83 patients in 
the psychotic groups had a threshold of 4.0 
mg/kg. or more. The effect of dividing the 
sedation thresholds into high and low, be- 
tween 3.5 and 4 mg/kg. in the various 
groups is shown in Figure 1. Using this 
dividing point for diagnostic prediction pur- 
poses, the predictive accuracy would appear 
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Taste 2.—Sedation Threshold Distributions and Means 


Sedation 
Threshold, 
Mg./Kg. 


Sehizo- 
affective 


(No E.C.T.) (E. C. T.)t 


10 
3.25 


* P. D. = psychotic depression. 
+ E.C. T. within six months preceding test. 


CLASSIFICATION 


PSYCHOTIC DEPRESSION 
(NO ECT) 


PSYCHOTIC DEPRESSION 
(ECT) 


SCHIZO- AFFECTIVE 


i i i 


o 20 40 60 80 100 
PERCENT CASES 


NEUROTIC DEPRESSION 


ANXIETY STATE 


| | 3.5 OR LESS 
SEDATION THRESHOLD 
(MGM/xG) 


Fig. 1—Proportion of cases in each group with 
sedation thresholds above and below median value. 


to be about 96%. Figure 2 compares the 
percentage distributions of sedation thresh- 
olds for the neurotic and the psychotic pa- 
tients ; the “hysterical”-depression group and 
those recently treated with E. C. T. are 
omitted from this graph. It demonstrates 
that neurotic and psychotic depressions rep- 
resent two independent populations with 
respect to sedation threshold. 
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“Hysterical” 
Depression 


Neurotic 
Depression 


Anxiety 
State 


Effect of E. C. T. on the Sedation Thresh- 
old.—The mean threshold of the 10 patients 
with psychotic depression who had recently 
received E. C. T. was 3.25 mg/kg., as com- 
pared with the mean of 2.76 mg/kg. for the 
66 patients who had not recently been treated 
in this way. The difference between these 
means was statistically significant at about 
the 2% level of confidence. This finding, 
which indicates that the sedation threshold 
tends to increase after E. C. T., agrees with 
initial results on the effect of E. C. T. on 
the sedation threshold obtained in a study 
still in progress. 

The Sedation Threshold in Relation to 
Psychomotor Retardation and Agitation.— 
This question was explored by classifying the 
66 patients with psychotic depression who 
had not received E. C. T. prior to testing 
into the following categories on the basis of 
clinical findings recorded in examination 
notes: agitated, 17 cases; agitated and re- 
tarded, 16 cases ; retarded, 21 cases ; not clas- 
sified, 12 cases. The mean thresholds of these 
groups, in milligrams per kilogram, were as 
follows : agitated, 2.74 ; agitated and retarded, 
2.78; retarded, 2.81 ; unclassified, 2.67. These 
data indicate that the sedation threshold was 
the same in the psychotic depressions irre- 
spective of whether agitation or retardation 
dominated the clinical picture. This finding 
is of theoretical importance, since anxiety is 


2.0 13 1 1 15 
Bs 2.5 16 1 2 5 re 24 
3.0 4 4 2 3 1 
Pt 3.5 15 4 2 1 1 4 
45 2 10 19 
5.0 1 10 » 
oe Total 66 a 7 10 47 182 
Mean threshold 2.76 2.86 2.70 5.05 5.82 3.4 

CASE! 

4 “Uf, 

| 

i 4.0 OR MORE 

4 


NEUROTIC AND 


PSYCHOTIC DEPRESSIONS 


30 


Fig. 2.—Percentage dis- 
tributions of sedation 
thresholds for psychotic 
and neurotic groups. Psy- 
chotic patients include 66 
with psychotic depres- 
sions without recent 
E. C. T. and 7 with 


schizoaffective 


“| 


PERCENT CASES 


psychoses 
with depression. Neurotics 
include 42 with anxiety 
states and 47 with neurotic 
depressions. 


PSYCHOTICS (N=73) 


NEUROTICS (N=69) 


‘ 
‘ 
‘ 
‘ 
‘ 


often regarded as being present to an intense 
degree in agitated depression. 

Relation of Sedation Threshold to Previ- 
ous Attacks.—The 66 patients with psychotic 
depression who had not received recent 
E. C. T. were divided into two groups, ac- 
cording to whether or not there was a history 
of one or more previous episodes of depres- 
sion occurring more than one year before the 
current admission. There were 35 patients 
with a history of previous attacks and 31 
patients with no previous attacks. Mean 
sedation thresholds of these groups were 2.73 
and 2.79 mg/kg. It may be concluded that 
the number of depressive episodes does not 
affect the sedation threshold. 


Comparison of Neurotic Depressions and 
Anxiety States—The mean sedation thresh- 
olds of the neurotic-depression and anxiety- 
state groups were 5.05 and 5.32 mg/kg., 
respectively. The difference between these 
means was not statistically significant. This 
finding is somewhat at variance with the 
results of a previous comparison of similar 
groups.* In the previous study patients with 
anxiety states were found to have a signifi- 
cantly higher mean sedation threshold than 
patients with neurotic depression, although 
the mean threshold of neurotic depressions 
was significantly higher than that of any 
other group of neurotic patients. 

Control for Age.—The psychotic-depres- 
sion group was considerably older than the 
neurotic-depression group (Table 1). Al- 


3.0 35 4.0 45 5.0 $5 60: 65 7.0 7.5+¢ 


SEDATION THRESHOLD 


(MGM/KG) 


though it had previously been shown that 
there was no general correlation between the 
sedation threshold and age, a further check 
on this factor in relation to present data was 
considered advisable. Accordingly, thresholds 
were compared in neurotic- and psychotic- 
depression groups which were matched for 
age. Twenty-five matched age pairs were 
found in the present subject groups. Ages 
were identical in 21 pairs and differed by one 
year in 3 pairs and by two years in one pair. 
The sedation-threshold differences between 
these pairs matched for age were the same 
as those found between the entire neurotic- 
and psychotic-depression groups. Of the 25 
psychotic-depression patients 23, and of the 
25 neurotic-depression patients only one, had 
a threshold less than 4 mg/kg. This finding 
indicates that the sedation-threshold differ- 
ence between neurotic and psychotic depres- 
sions was not due to difference in age. 
Results of Electroconvulsive Therapy.— 
Table 3 shows the results of E. C. T. in the 
various patient groups. It should be empha- 
sized that these were short-term results. As 
expected, the majority of the patients in the 
psychotic groups were given E. C. T., where- 
as the majority of those in the neurotic 
groups were not given this treatment. The 
proportion of marked and moderate improve- 
ments in response to E. C. T. was greater in 
the psychotic groups than in the neurotic 
ones, while the results of E. C. T. in the 
“hysterical”-depression group were inter- 
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Taste 3.—Results of Electroconvulsive Therapy by Diagnostic Classification 


Results of E. C. T. 
Marked improvement 
Moderate improvement ... 
Slight or no improvement... 
E. C. T. ineomplete (<4).... 
E. T. C. results uncertain 
No E.C.T. given 


P. D. = psyehotie depression. 


mediate in quality. The main difference be- 
tween psychotic and neurotic patients as re- 
gards outcome of E. C. T. seemed to be 
reflected in the extent to which the clinician 
qualified or hedged his evaluation statement 
in assessing improvement. This is illustrated 
by a comparison of the proportion of patients 
regarded as showing marked, i. e., relatively 
unqualified, improvement. Improvement was 
marked in 85.8% of the psychotic 
and schizoaffective patients re- 


considered 
depression 
ceiving E. C. T., but the percentage was 
only 11.1 in the 20 neurotic patients so 
treated and was zero in the “hysterical’’-de- 
pression group. This difference between psy- 
chotic and neurotic groups was highly signifi- 
cant statistically. 

Figure 3 shows the results of E. C. T. in 
relation to the sedation threshold. As would 
be expected, these findings were almost the 


same as those obtained with respect to di- 


*“Hysteri- 
eal” Neurotic 
Depression Depression 


Schizo- 
affective 


Anxiety 


D.* State 


Bw maar 


agnosis. The results indicate that patients 
with low 
likely to show unqualified improvement, i. e., 


sedation thresholds were more 
full remission of symptoms, in response to 
I, C. T. than did patients with high sedation 
thresholds. Furthermore, it was much less 
likely that clinicians would consider E. C. T. 
advisable in patients with high than in those 
with low sedation thresholds. 


COMMENT 

The Concept of Neurotic and Psychotic 
Depression.—Present results support the va- 
lidity of the distinction made between neu- 
rotic and psychotic depression. As regards 
the sedation threshold, patients classed as 
having neurotic depressions were almost 
completely different from those classed as 
having psychotic depressions. The different 
therapeutic results with E. C. T. in the two 
groups also support the distinction. 


SEDATION THRESHOLD 


3.5 MGM/KG OR LESS 


4.0MGM/KG OR MORE 


L i 


SHORT-TERM IMPROVEMENT WITH ECT 


| SS 
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NO. 
CASES 
76 
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PERCENT CASES 


SLIGHT OF NONE 


Fig. 3.—Relationship between 
sedation threshold short- 
term response to FE. C. T. 
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Although there have been many physio- 
logical studies of depressive states,’ few have 
been specifically concerned with the problem 
of differentiating between neurotic and psy- 
chotic depressions. Two approaches, which 
appear to have produced such a differenti- 
ation, involved tests which measured auto- 
nomic nervous system functions. Strongin 
and Hinsie '* measured parotid gland secre- 
tion and found that it decreased markedly 
during depressive phases of manic-depressive 
psychosis, but not in other depressions. Funk- 
enstein, Greenblatt, and Solomon # measured 
the blood pressure response to epinephrine 
and methacholine (Mecholyl). They found 
that most patients who showed evidence of 
excessive secretion of an epinephrine-like 
substance showed a predominantly depressed 
affect. In contrast, patients giving evidence 
of excessive secretion of a arterenol-like sub- 
stance rarely showed predominantly de- 
pressed affect. The Funkenstein tests also 
differentiated between patients showing good 
and those showing poor responses to E. C. T. 
It might be expected that neurotic depres- 
sions probably differ from psychotic depres- 
sions with respect to parotid secretion and 
blood pressure response to epinephrine and 
methacholine. 

The issue involved in distinguishing be- 
tween neurotic and psychotic depression 
seems linked with two broad questions. These 
concern (a) the validity of distinguishing 
between neurosis and psychosis, and (b) the 
relative value of quantitative and qualitative 
classification. The concept of psychosis has 
been criticized by such writers as Diethelm *° 
on much the same grounds as the criticisms 
directed at the concept of differentiating 
types of depression, i. e., the lack of universal 
applicability of clinical criteria. It is possible 
that the extent of disagreement on these is- 
sues may be more apparent than real, and 
that the basic difficulty lies in integrating 
two viewpoints, the quantitative and the 
qualitative. These viewpoints are not essen- 
tially incompatible, but they have received 


# References 13 and 14. 


varying emphasis at different periods in the 
development of psychiatry. Currently there 
appears to be a tendency to stress the quanti- 
tative point of view, to the exclusion of the 
qualitative. For example, Hoch '* makes the 
statement that there is no difference between 
psychotic and neurotic depression, but that 
the difference, to him, is only a matter of 
degree. The question seems to be whether 
it is justifiable to regard the extremes of 
quantitative variation as different qualities, 
i. e., Whether differences in amount can lead 
to differences in kind. This is an old ques- 
tion, to which science has generally provided 
an affirmative answer ; e. g., a knowledge of 
atomic structure has provided a quantitative 
basis for understanding qualitative differ- 
ences between chemical elements. The same 
answer would seem applicable to psychiatric 
problems, even though the qualitative cate- 
gories of psychiatry are hardly as well defined 
as those of the physical sciences. Even where 
distinguishing quantitative characteristics of 
a quality are known, it may still be useful to 
retain the qualitative classification. 

As regards the problem of different kinds 
of depression, it seems reasonable to assume 
that any given clinical picture results from 
interaction of several quantitatively varying 
factors. In depression, two important factors 
would be the degree of depression and the 
ability of the personality to cope with the 
emotional disturbance attendant upon stress. 
The latter factor may perhaps be identified 
as “ego strength.” Conceivably, the degree 
of depression required to produce a clinical 
picture, identifiable as psychotic, would be 
a function of ego strength, with a greater 
degree of depression required where ego 
strength is high than where it is low. 

This formulation, which assigns impor- 
tance to ego strength, is similar to the one 
proposed by Bellak and associates.? On this 
basis, one would expect a depression, severe 
enough to be regarded as pathological, to be 
accompanied by varying degrees of impair- 
ment of ego functioning. Where little ego 
impairment is found, the patient would be 
recognized as clearly neurotic, while at the 
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other extreme of severe impairment the pa- 
tient would be regarded as clearly psychotic. 
Intermediate instances might be difficult to 
classify. 

Anxiety and Depression—The sedation 
thresholds of patients with anxiety states 
were essentially the same as those of patients 
with neurotic depression. This finding agrees 
with the clinical similarity between these 
groups, particularly as regards anxiety prone- 
ness and obsessional personality traits. How- 
ever, since the groups differed with respect 
to predominant prevailing affect, the data 
suggest that the sedation threshold does not 
directly reflect the nature of the current af- 
fective state. This contrasts with the EEG 
response to intermittent photic stimulation, 
which was different in anxiety and depres- 
sion, and which fluctuated with changes in 
affective state in the same person.* 

One way of interpreting the results in non- 
psychotic subjects is to consider the sedation 
threshold as a relatively stable biological 
characteristic of the individual, which is re- 
lated to personality organization and prone- 
ness to, rather than presence of, symptoms 
of anxiety and depression. This would agree 
with the fact that anxiety and depression are 
both present in nearly all cases of anxiety 
state and neurotic depression, and that one or 
the other may predominate at different times 
in the same patient. Additional facts support- 
ing this formulation are the high stability of 
the sedation threshold * and the finding of 
high thresholds in relatively asymptomatic 
control subjects with a history suggesting 
anxiety proneness.” Evidence indicating that 
the sedation threshold is closely related to 
Eysenck’s ¢ introversion-extroversion per- 
sonality dimension has been discussed else- 
where.t A high sedation threshold seems to 
be associated with obsessional personality 
traits, introversion, and a predisposition to 
anxiety, tension, and depressive symptoms ; 
a low threshold seems to be associated with 


* References 9 and 10. 
+ References 17 and 18. 
t References 8 and 19. 
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hysterical personality traits, extroversion, 
and a predisposition to conversion symptoms. 


The preceding formulation, which appears 
to fit the known facts in nonpsychotic dis- 
orders, is not readily applicable to the psy- 
choses. For example, one would have ex- 
pected a significant proportion of patients 
with involutional depression, who give evi- 
dence of premorbid obsessional personality 
with anxiety, to have had high sedation 
thresholds, but this was not the case. The 
facts pertaining to depressive states can be 
handled by the hypothesis that depression 
is a central inhibitory process, and that the 
degree of inhibition is much greater in psy- 
chotic than in neurotic depression. Since 
the sedation threshold would, at least super- 
ficially, be inversely proportional to degree 
of inhibition, this could explain the differ- 
ences in threshold between these groups. 
The fact that E. C. T. tends to raise the 
threshold would also fall into line with this 
hypothesis. However, if depression is an 
inhibitory process, which lowers the sedation 
threshold, it is necessary to explain the fact 
that the thresholds of patients with neurotic 
depressions were just as high as those in 
anxiety states. The similar thresholds in 
psychotic depressions and in normal controls 
also require explanation. 

Although a definite explanation is not yet 
available, the formulation that impairment 
of ego functioning lowers the threshold, while 
anxiety or anxiety proneness raises it, ex- 
plains nearly all of the available sedation 
threshold data.§ Impairment of ego func- 
tioning and anxiety proneness would be 
about the same in anxiety states and in 
neurotic depressions, leading to the same 
thresholds. Patients with psychotic depres- 
sions would have more anxiety than normals, 
but their thresholds would be lowered by 
the processes which produce ego impairment. 
The concept of depression as an inhibitory 
process does not conflict with this formula- 
tion. However, it is necessary to assume 
that the sedation threshold does not directly 
reflect this inhibitory process, but that it 


§ References 9 and 19. 


‘ 

“2 


NEUROTIC AND PSYCHOTIC DEPRESSIONS 


more likely reflects the effects of this process 
on mechanisms related to ego functioning. 

The Sedation Threshold as a Clinical 
Diagnostic Test—The sedation threshold has 
been used as a clinical diagnostic test at this 
Institute for some time. The test is usually 
administered in conjunction with the routine 
admission EEG examination. It is most 
frequently requested to assist in differen- 
tiating between neurotic and psychotic de- 
pression. In the opinion of the various clini- 
cians who have used it for this purpose, the 
procedure gives results in keeping with those 
reported here. Parenthetically, it may be 
stated that the essential data of this study 
were obtained before the test was put into 
practice, so that the results of the study were 
not contaminated by its use. 

Present data concerning the relationship 
of the sedation threshold to the results of 
E. C. T. indicate that the test has some 
validity for predicting the outcome of therapy. 
The predictive value is probably greater than 
indicated by the data, since only one in five 
patients in the neurotic groups received 
E. C. T., and these were the ones who ap- 
peared most severely depressed. The cor- 
relation between the threshold and the 
E. C. T. results might have been much 
more striking if an unselected group of 
neurotic patients had been treated indis- 
criminately with E. C. T. Furthermore, 
since other- therapies, such as subcoma insulin 
therapy and psychotherapy, are usually of 
greater benefit in neurotic than in psychotic 
depressions, these additional therapies, given 
in conjunction with E. C. T., could be 
responsible for some of the improvements in 
the high-threshold group. 


It should be noted that no claim is here 
being made that the sedation threshold can 
be used as the sole guide in deciding whether 
or not to treat a depressed patient with 
E. C. T. Many patients with neurotic de- 
pression seem to respond well to E. C. T.*° 
However, even when they do, it is frequently 
felt that considerable psychotherapy is re- 
quired to ensure a stable remission, This is 
not so often the case with psychotic depres- 


sion, in which E. C. T. usually produces an 
adequate remission, even with a minimal 
amount of formal psychotherapy. Conse- 
quently, an important practical use of the 
sedation threshold lies in the guidance it may 
give concerning the treatment resources 
which a depressed patient will require. 

The “hysterical’’-depression group presents 
a difficult problem of diagnosis and classifica- 
tion. The sedation thresholds of this group 
were not distinguishable from those of pa- 
tients with psychotic depressions, and their 
depressive reactions had many of the features 
of endogenous depressions. However, it has 
previously been shown that the sedation 
threshold is low in patients with hysterical 
personalities, either with or without con- 
version symptoms.* Consequently, one can- 
not distinguish between hysteria and psy- 
chotic depression by means of the sedation 
threshold. Fortunately, the number of pa- 
tients in whom the distinction cannot be made 
on clinical grounds is small. 

Apart from psychotic depression and hys- 
teria, the sedation threshold is low in acute 
schizophrenic reactions, chronic simple schiz- 
ophrenia, organic psychoses, and normal per- 
sons. The thresholds in organic psychoses 
are significantly lower than those of all other 
groups, but there may be some overlapping. 
It is rarely necessary to seek laboratory aid 
to distinguish between psychotic depression 
and the other clinical groups with low 
sedation thresholds. The similarity of the 
sedation-threshold findings in normals and in 
several types of psychiatric disorder is of 
considerable theoretical interest, but presents 
little practical problem in psychiatric diag- 
nosis. 

Finally, it should be emphasized that the 
sedation threshold is just one way of meas- 
uring excitability characteristics of the cen- 
tral nervous system in the intact human. 
The general approach used in developing it 
could probably be applied to devise a num- 
ber of other tests to measure different aspects 
of central nervous system function which 
may be of psychiatric significance. For 
example, it should be possible to devise a 
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method which will directly measure the cen- 
tral inhibitory processes involved in depres- 
sion. A battery of objective tests, like the 
sedation threshold, but measuring different 
functions, would undoubtedly make impor- 
tant contributions to psychiatric practice and 
research. 


SUMMARY AND CONCLUSIONS 
The sedation threshold is an objective 
determination based upon the EEG and 
speech changes induced by intravenous amo- 
barbital sodium. The main purpose of this 
study was to apply this test to the study of 
depressive states, particularly to the problem 
of distinguishing between neurotic and psy- 
chotic depression. Additional purposes were 
to obtain data concerning (a) neurophysio- 
logical differences between anxiety and de- 
pression and (b) the relationship between 
the threshold and the effects of 

electroconvulsive therapy (E. C. T.). 


sedation 


Sedation thresholds were determined for 
182 patients in the following diagnostic cate- 
gories: psychotic depression, schizoaffective 
psychosis with depression, “hysterical” de- 
pression, neurotic depression, and anxiety 
state. 


Results were as follows: (a) Sedation 
thresholds of patients with neurotic and 
psychotic depressions were markedly dif- 
ferent; the test differentiated between these 
groups with about 95% accuracy. Age dif- 
ference was not an influential factor. Thresh- 
olds were low in psychotic depression, re- 
gardless of the degree of agitation or history 
(b) The 


of previous depressive episodes. 


thresholds of patients with anxiety states 
were similar to those of patients with 


neurotic depressions and almost always 
higher than those of patients with psychotic 
depressions. (c) Patients with high sedation 
thresholds (neurotic depressions and anxiety 
states) were treated with E. C. T. much less 
frequently than patients with low sedation 
thresholds (psychotic and “hysterical” de- 
pressions). When E. C. T. was given, the 
short-term therapeutic response of the high- 
threshold patients was significantly poorer 
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than that of the low-threshold group. (d) 
The sedation thresholds of psychotic depres- 
sive patients who had received E. C. T. prior 
to testing were higher than those of patients 
not recently receiving such treatment. 


The following conclusions were reached : 
(a) The sedation threshold appears to be 
a valid objective method for the differential 
diagnosis of depressive states. (b) The 
results supported the validity of the concept 
which distinguishes between neurotic and 
psychotic depressions. (c) The relationship 
between the sedation threshold and depres- 
sion was probably secondary to the effect 
of another factor, degree of impairment of 
ego functioning, on the threshold. (d) The 
sedation threshold appears to have some 
validity for predicting the outcome of E. C. T. 


Drs. R. A. Cleghorn and V. A. Kral gave a 
critical reading of the manuscript; Dr. J. F. Davis 
solved the problems of instrumentation, and Sabina 
Migicovsky, Ann Krychman, and Herbert Lorenz 
gave technical assistance. Prof. D. Ewen Cameron 
and other members of the clinical staff made the 
clinical material available and cooperated in clinical 
trials of the sedation-threshold procedure. 
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A Statistical Comparison with Multiple Sclerosis 
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LADISLAV P. HINTERBUCHNER, M.D., Brooklyn 


A number of publications dealing with 
electrophoretic serum protein patterns and 
quantitative cerebrospinal fluid (C. S. F.) 
protein determinations of patients with vari- 
ous neurological diseases have appeared in 
the literature. However, most data have been 
confined to multiple sclerosis (M.S.) cases.* 
In our previous studies ¢ of 43 patients with 
typical multiple sclerosis, simultaneous deter- 
minations of the serum and C. S. F. proteins 
were performed. Significant changes, based 
on group statistics, were found in the follow- 
ing electrophoretic serum protein fractions: 
decreased albumin and A/G ratio, increased 
a2- and £-globulins, with slightly elevated or 
normal y-globulins (y-G). Chemical analysis 
of the C. S. F. proteins ¢ disclosed statisti- 
cally elevated y-globulin and/or increased 
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y-globulin/total protein (y-G/T. P.) ratios, 
in keeping with the finding of Kabat and 
associates. The combined protein changes 
in both serum and cerebrospinal fluid were 
termed by us the “protein profile.” + 


It is well known that protein changes, such 
as those described here, are nonspecific and 
occur in many pathologic conditions.|| It, 
therefore, seemed desirable to undertake a 
study of the “protein profile” of a series of 
patients with various neurological disorders 
other than typical multiple sclerosis. Since it 
appeared possible that the nutritional status 
of the patients might influence their protein 
patterns, a series of debilitated patients, with 
non-neurological, as well as neurological, dis- 
orders are included in this study. The pro- 
tein data are listed for the individual cases, 
which were then divided into groups for 
statistical purposes. This paper presents a 
comparison of the protein findings for these 
groups of various neurological disorders as 
compared with the previously reported 
groups of multiple sclerosis patients and 
normal persons.* 


MATERIAL AND PROCEDURES 


1. Selection of Patients—A series of 115 patients 
with neurological diseases other than multiple 
sclerosis and 9 debilitated patients without evidence 
of central nervous system (C.N.S.) involvement 
were selected for this study. 

For the purpose of group statistics, the neuro- 
logical cases were classified according to their 
predominant pathological lesions, as far as they 
could be estimated clinically, into the following six 
groups: 

Group 1 (9 patients with stationary nerve cell 
loss): This group included one patient with a 


§ References 6, 7, 10, and 11. 
|| References 12 and 13. 
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“PROTEIN PROFILE” IN MULTIPLE SCLEROSIS 


clinical picture of dystonia musculorum deformans 
in whom no advance of symptomatology had been 
observed for at least 11 years, as well as patients 
with cerebral palsy and patients with residua of 
paralytic poliomyelitis (Table 1). 

Group 2 (22 patients with progressive nerve cell 
loss) : All these patients were suffering from Park- 
insonism of various origins (Table 2). 


Group 3 (21 patients with stationary myelin loss 
and nerve cell loss): This included subjects with 
evidence of hemiplegia of various origins (Table 
3). 


Group 4 (28 patients with progressive myelin 
loss and evidence of nerve cell loss): This group 
included patients with amyotrophic lateral sclerosis, 
syringomyelia, familial and nonfamilial degenerative 
diseases of the central nervous system, combined 
system disease, compression syndrome of the cer- 
vical spinal cord, and hemiplegia of less than two 
years’ duration (Table 4). 

Group 5 (27 patients with progressive myelin 
loss without clinical evidence of nerve cell loss) : 
This included a variety of neurological conditions, 
such as atypical multiple sclerosis, myelopathies of 
unknown etiology, posterolateral degeneration with 
pernicious anemia, Schilder’s disease, posterolateral 
degeneration, primary lateral sclerosis, and diffuse 
sclerosis (Table 5). 


Group 6 (22 debilitated patients): This group 
consisted of 13 neurological and 9 non-neurological 
patients (Table 6). 


2. Biochemical Studies—(a) Serum Proteins: 
The methods used for the electrophoretic studies 
have been described in previous publications.{ Serum 
total proteins (T. P.) were determined by the biuret 
method '° with frequent checks against the micro- 
Kjeldahl procedure. 


(b) Cerebrospinal Fluid Proteins: The method 
used for determination of y-globulins consisted of 
the protein flocculation-ninhydrin method, previ- 
ously developed in this laboratory. The total 
proteins were determined photometrically by a 
modification of the Weichselbaum biuret method.1¢ 
From these results the y-G/T.P. ratios were cal- 
culated according to the criteria of Kabat and 
associates,1° 


3. Statistical Methods.—The individual results 
obtained for both the serum and the C.S.F. protein 
fractions by the procedures given above are listed 
in Tables 1 to 6 for the six groups, comprising 
a total of 124 patients. These results were analyzed 
by the techniques of group statistics and the 
values obtained are given at the bottom of each 
table. Furthermore, these statistical data were 


{ References 1 and 14. 
# References 17 and 18. 


plotted graphically in Figures 1 to 6 in comparison 
with the corresponding group data for 43 typical 
multiple sclerosis (M.S.) patients and 140 normal 
persons obtained from our previous study.* 


RESULTS 

The classification of the patient material 
caused considerable difficulty because of the 
frequently ill-defined or overlapping clinical 
pictures. An additional factor which added 
to the difficulty was the relative uncertainty 
of judging the extent and the nature of the 
pathologic disturbance from the clinical pic- 
ture. However, it seemed most feasible to 
utilize the basic pathologic lesions as the 
criteria for classification, as well as could 
be estimated on purely clinical grounds. In 
about 10% of the cases, the diagnosis was 
confirmed at autopsy. The subdivision of 
our cases on this basis seemed to be the 
most advisable for purposes of group 
statistics. 


An attempt was made to separate the 
patients into groups according to whether 
the disease was clinically stationary or 
whether it was suggestive of progression 
with respect to destruction of myelinated 
structures and/or nerve cells. These cate- 
gories were chosen in accordance with 
generally accepted clinical and pathologic 
criteria. 


Thus, in Group 1 (stationary cell loss), 
patients recuperating from an acute attack 
of poliomyelitis were included, first, because 
the disease is known to involve primarily the 
nerve cells and, second, because the initial 
attack causes the principal damage. All the 
patients listed in Table 1 had suffered their 
acute attack at time intervals of from 3 weeks 
up to 21 years prior to admission to this 
hospital. None displayed progression of 
muscular paralysis. The patient with dys- 
tonia (Case 66) and both patients with 
cerebral palsy (Cases 82 and 83) disclosed 
evidence of bilateral basal ganglion involve- 
ment. Furthermore, the clinical picture did 
not suggest destruction of myelinated struc- 
tures. 
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TABLE 1—Group 1: Stationary Nerve Cell Loss 


Serum Proteins (Electrophoretic) C. 8. F. Proteins (Chem.) 


7-G, 

A/G Mg./ Gm./ 7-G/ 

Ratio WoCe. 100Ce. T.P. Diagnosis 


1.16 45.0 13 3.0 Dystonia musculorum 
deformans, stationary 


1.36 1.2 Cerebral palsy, 
choreoathetoid 


Cerebral palsy, with 
convulsions 


Postpoliomyelitis 
Postpoliomyelitis 
Postpoliomyelitis 
Postpoliomyelitis 
Postpoliomyelitis 
Postpoliomyelitis 


Mean 
Standard deviation 
Standard error 


Population range 
8. E.) 


For the patients in Group 1, as is seen in for the normal group. With respect to the 
Figure 1, there is a significant decrease in M. S. group, there is a significant decrease 
the electrophoretic serum y-globulins, as well in the serum B- and y-globulin fractions and 
as in the C. S. F. y-globulins and in the an increased A/G ratio. There is an even 
y-G/T. P. ratio, as compared with the values more marked decrease in the C. S. F. 


SERUM PROTEINS CSF PROTEINS 
(ELECTROPHORETIC ) (CHEMICAL ) 


9% alpha! 9% alpha2 9% beto gommo A:G gamma gamma: TP 
1S 1s 5 16 


NORMAL RANGE MS RANGE BB GROUP 1 RANGE 
¢ NORMAL MEAN -- MS MEAN e GROUP 1 MEAN 


Fig. 1—“Protein profile’ of Group 1, patients with stationary nerve cell loss (Table 1), as 
compared with multiple sclerosis (M.S.) and normal groups. 
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2 Alb., a1, a2, B, 
Case Gm./ Gm./ Gm./ Gm./ Gm./ Gm./ 
No. 100Ce, 100Ce. 100Ce. 100Ce. 100Ce. 100 Ce. 
is 83 6.58 3.89 0.37 0.64 1.00 0.64 1.47 44.5 2.7 6.1 Fo 
a 102 7.48 4.18 0.58 0.90 0.97 0.85 1.29 39.0 2.5 6.5 
- 108 6.07 3.18 0.48 0.76 0.88 0.77 1.10 33.3 1.0 3.1 
<a 105 6.29 3.59 0.58 0.74 0.91 0.52 1.33 33.3 1.6 4.9 
a 109 6.34 3.96 0.49 0.59 0.79 0.51 1.67 44.0 3.2 7.2 
Wa 115 7.04 4.22 0.43 1.00 0.94 0.45 1.49 6.4 3.2 3.3 
= 128 6.98 3.98 0.45 0.80 1.15 0.65 1.29 52.2 0.8 1.5 ‘ , 
6.73 3.84 0.49 0.78 0.97 0.70 1.35 48.6 1.9 4.1 
0.42 0.38 0.05 0.19 0.06 0.19 0.19 19.0 1.0 2.2 
c 0.14 0.18 0.02 0.06 0.02 0.06 0.06 6.3 0.3 0.7 
4 6.38- 3.52- 0.45- 0.58- 0.92- 0.55- 1.20- 32.9- 1.0- 2.3- 
se 7.08 4.17 0.58 0.88 1.02 0.95 1.50 644 2.7 5.9 
9% Albumin 
28 
3 
8 
- 
4 
4 


“PROTEIN PROFILE” IN MULTIPLE SCLEROSIS 
SERUM PROTEINS CSF PROTEINS 
(ELECTROPHORETIC) (CHEMICAL ) 

eAlbumin 9% al alpho2 9% beta 9%gamma A:G mg%gomma  gamma:TP 

284 
244 

407 1.04 104 105 204 


0S; 0.59 
47 
24 
O NORMAL RANGE @ MS RANGE BB GROUP 2 RANGE 
e NORMAL MEAN -- MS MEAN e GROUP 2 MEAN 


Fig. 2.—‘“Protein profile” of Group 2, patients with progressive nerve cell loss (Table 2), 
as compared with multiple sclerosis (M.S.) and normal groups. 


TasLe 2.—Group 2: Progressive Nerve Cell Loss (Parkinson’s Disease) 


Case 
No. 
89 


orm & 


Aib., 
Gm. Gm. 
100 Ce. 100 Ce. 
5.78 3.70 
7.20 4.31 
7.71 3.64 
7.64 3.55 
8.26 3.58 
7.24 3.78 
6.70 3.59 
6.4 3.62 
7.12 3.72 
7.67 4.38 
6.24 2.78 
6.88 3.55 
7.06 3.90 
6.71 3.07 
6.50 3.69 
7.44 4.07 
7.10 3.77 
6.26 2.69 
6.32 2.56 
7.06 3.36 
6.82 3.35 
7.24 3.83 
7.00 3.57 
0.4 0.44 
0.12 0.10 
6.71- 3.33- 
7.29 3.81 


Serum Proteins (Electrophoretic) 


C.8. F. Proteins (Chem.) 


a1, az, B, “T. P., 7-G 
Gm. Gm./ Gm./ Gm./ A/G Me. Gm. y-G, Possible 
100 Ce. 100Ce. 100Ce. 100Ce. Ratio 100Ce. 100Cec. T. P. Etiologie Factors 
0.16 0.47 0.75 0.59 1.78 53.2 1.5 2.8 Arteriosclerotie 
0.49 0.57 0.99 0.84 1.38 61.2 3.7 6.1 Arteriosclerotic 
0.58 0.88 1.28 1.45 0.88 41.3 4.6 11.0 Postencephalitic 
0.68 1.04 1.42 0.95 0.87 38.8 2.0 5.0 Postencephalitic 
0.68 0.78 1.61 1.61 0.77 40.4 4.0 9.9 Postencephalitic 
0.61 0.56 1.11 1.18 1.09 56.0 2.6 46 Postencephalitic 
0.51 0.69 0.88 1.08 1.16 36.3 23 6.3 Postencephalitic 
0.32 0.62 1.56 0.82 1.09 45.0 2.9 6.3 Postencephalitic 
0.44 0.74 1.13 1,09 1.10 O.0 5.9 11.8 Postencephalitic 
0.64 0.63 1.25 0.77 1.33 41.3 12 2.9 Posteneephalitic 
0.51 0.69 1.24 1.01 0.80 68.8 3.2 4.7 Arteriosclerotie 
0.72 0.74 1.15 0.72 1.07 52.5 3.6 6.9 Postencephalitic 
0.57 0.74 1.13 0.72 1.23 40.0 11 2.8 Posteneephalitic 
0.56 0.91 1.25 0.91 0.84 58.9 2.8 4.8 Postencephailitic, 
syphilis 

0.32 0.52 1.10 0.87 1.31 67.0 44 6.6 ” Idiopathic 

0.46 0.37 1.16 1.38 1.21 66.0 4.2 64 Idiopathie 

0.46 0.63 1.09 1.14 1.13 60.8 7.2 11.9 Arteriosclerotic 
0.49 1.04 1.35 0.69 0.75 74.6 19 2.6 Arteriosclerotic 
0.56 0.97 0.99 1,24 0.68 43.8 3.6 8.2 Arteriosclerotic 
0.58 0.76 1.02 134 0.91 47.0 2.6 5.5 Arteriosclerotic 
0.59 0.59 1.04 1.25 0.96 58.0 5.5 9.5 Arteriosclerotic 
0.51 0.87 1.02 1.02 1.12 46.0 3.5 78 Postencephalitic 
0.2 0.72 1.16 1.03 1.07 52.1 3.4 6.6 Mean 

0.12 0.18 0.20 0.26 0.23 10.85 11 2.8 Standard deviation 
0.08 0.04 0.04 0.06 0.05 2.37 0.3 0.6 Standard error 
0.45- 0.62- 1.05- 0.89- 0.94- 46.2- 2.7- 5.0- Population range 
0.59 0.82 1.27 1.17 1.20 58.0 4.0 8.1 (2.5 8. E.) 
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TasLe 3.—Group 3: Stationary Myelin Loss with Nerve Cell Loss (Hemiplegia) 


Serum Proteins (Electrophoretic) 


C. 8. F. Proteins (Chem.) 


100 Ge. 100 Ce. 


y-globulins and the y-G/T. P. ratio when 
Group | is compared with the M. S. group 
than when it is compared with the normal 
group. This is due to the increased values 
of these protein fractions found in M. S. 
cases. 


All of the patients of Group 2 displayed 
the typical clinical picture of Parkinson’s 
syndrome, due to various etiologic factors 
(Table 2). All of them showed progression 
of their disease during observation periods 
extending in some instances up to 20 years. 


Figure 2 shows that the patients com- 
prising Group 2 have decreased serum 
albumin and A/G ratios, as compared with 
the normal group, but exhibit an overlap of 
all the serum protein fractions, as compared 
with the M. S. group. However, with respect 
to the cerebrospinal fluid results, both Group 
2 and the normal group display y-globulin 
and y-G/T. P. ratios which are significantly 
lower than those for the M. S. group. 
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A/G Mg. 
Ratio 100Ce. Additional Diagnosis 
43.7 Hypertension 
87.4 5. J Arteriosclerosis 
67.2 22.5 Hypertension 
7.4 Hypertension 


49.3 Hypertension, 
arteriosclerosis 


63.8 Hypertension 
60.5 Arteriosclerosis 


63.0 Occlusion of branches 
of basilar artery, 
arteriosclerosis 


Hypertension, 
diabetes 


Meningioma 
Hypertension 


Drug dermatitis and 
fever 
Hypertension 
Meningioma 
Pseudobulbar palsy, 
hypertension 
Hypertension 
Arteriosclerosis 
Arteriosclerosis 
Hypertension 
Pseudobulbar palsy, 
hypertension 


Mean 
Standard deviation 
Standard error 


Population range 
(2.5 8. E.) 


The patients listed in Table 3 (Group 3) 
all gave clinical evidence of hemiplegia sec- 
ondary to various etiologic factors. The 
criteria for determining the presence or 
absence of progression in these patients were 
arbitrarily set according to the duration of 
the disease, i. e., two years after the initial 
attack. It was assumed that very little or 
no demyelination was likely to occur after 
this time. On the other hand, it was also 
considered that in hemiplegia of less than 
two years’ duration the secondary pyramidal 
tract demyelination may not as yet have been 
completed. Four patients listed in Table 4 
(Cases 104, 108, 114, and 125) were in- 
cluded in Group 3, although they were 
paralyzed for less than a year, since their 
biochemical data were similar. Therefore, 
Group 3, as a whole, represents statistically 
all of the patients with hemiplegia. 


Figure 3 illustrates that the patients with 
hemiplegia, listed in Table 3, have a “protein 


Alb., a1, a2, 8, 

Case Gm./ Gm./ Gm./ Gm./ 

4 No. 100Ce. 100Ce. 100 Ce. 100 Ce. 

sy: 20 7.60 3.33 0.54 0.96 1.37 1.40 

a 21 7.24 3.36 0.59 0.78 1 1.46 

er 22 7.14 3.38 0.39 0.73 1.47 1.17 

a 23 7.08 3.33 0.58 0.81 1.09 1.27 

2 867.800 3.568 1M 0.95 

a 108 6.64 3.61 0.55 0.63 1.08 0.77 1.19 47.2 11 2.2 P| 

Be 1M 6.88 3.39 0.50 0.63 1.32 1.04 0.97 75.4 5.1 71 

116 7.50 3.29 0.49 1.10 1.55 1.07 0.78 

ag 121 7.85 4.37 0.39 0.70 0.91 1.47 1.26 67.0 5.3 7.9 

Ps: 122 6.30 3.55 0.72 0.49 1.17 0.87 1.12 65.6 6.0 9.2 

¢ 125 7.38 3.62 0.51 0.86 1.50 0.88 0.96 50.8 2.0 4.0 

36 6.48 3.10 0.44 0.68 1.26 1.00 0.92 67.2 «15.1 2.3 

ae 4 6.96 3.27 0.41 0.64 1.19 1.45 0.89 52.6 780 48 

i % 6.78 3.58 0.41 0.91 1.31 0.62 1.08 72.8 6.0 8.3 

4 117 7.04 3.24 0.62 1.2 1.39 0.77 0.86 «128.5 14.7 14 

& 7.06 3.38 0.51 0.84 1.26 1.06 0.93 70.3 7.1 8.8 

- 0.47 0.37 0.12 0.23 0.21 0.28 0.17 23.1 46 48 

s 0.10 0.08 0.08 0.05 0.05 0.06 0.04 5.2 10 11 

6.30- 3.18- 0.43- 0.71- 1.13- 0.91- 0.83- 57.4- 4.5- 6.1- 

‘i 7.30 3.58 0.59 0.97 1.39 1.21 1.08 83.2 97 115 

"ng 


CSF. PROTEINS 
(CHEMICAL) 


mg% gamma gamma:TP 


SERUM PROTEINS 
(ELECTROPHORETIC) 


9% gamma 
15 


22Albumin 9% alpha 1 alpha2 93% beta 
5 5 ~ 1S 


28 


ie) 


(1 NORMAL RANGE m@ MS RANGE M@ GROUP 3 RANGE 
e NORMAL MEAN -- MS MEAN © GROUP 3 MEAN 
Fig. 3.—“Protein profile’ of Group 3, patients with stationary myelin loss and nerve cell 
loss (Table 3), as compared with multiple sclerosis (M.S.) and normal groups. 


SERUM PROTEINS CSF PROTEINS 
(ELECTROPHORETIC) (CHEMICAL) 


g%Albumin g*alpha! gx alphac beta gamma A:G mgx gamma gamma:TP 
45 15 1S 157 15 16 


284 


0 NORMAL RANGE ™ MS RANGE GROUP 4 RANGE 
¢ NORMAL MEAN -- MS MEAN © GROUP 4 MEAN 


Fig. 4—“Protein profile’ of Group 4, patients with progressive myelin loss and evidence 
of nerve cell loss (Table 4), as compared with multiple sclerosis (M.S.) and normal groups. 
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TaB_e 4.—Group 4: Progressive Myelin Loss with Nerve Cell Loss 


Serum Proteins (Electrophoretic) 


C. 8. F. Proteins (Chem.) 


profile” for both serum and cerebrospinal 
fluid which is very similar to that found in 
multiple sclerosis patients. Therefore, Group 
3 showed the same significant biochemical 
differences in the “protein profile,” in con- 
trast to the normal group, previously re- 
ported for the M. S. groups.* 

All of the patients listed in Table 4 
(Group 4) showed evidence of progression 


* References 2 and 3. 
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/ Mg./ 
Ratio 100 Ce. 
0.51 42.5 18 


Diagnosis 
Amyotrophic lateral 
sclerosis 
Amyotrophic lateral 
sclerosis 
Amyotrophic lateral 
sclerosis 
Amyotrophic lateral 
selerosis 
Occlusion of branches 
of basilar artery 
Disloeation of cervical 
spine 
Occlusion of left middle 
cerebral artery 
Occlusion of left middle 
cerebral artery 
Meningioma, left tem- 
poroparietal region 
Herniated cervical 
dise C5-C6 
Combined system 
disease 
Syringomyelia 
Generalized cortical 
atrophy 
Cerebrocerebellar 
degenerative disease, 
familial 
Cerebrocerebellar 
degenerative disease, 
familial 
Cerebrocerebellar 
degenerative disease, 
familial 
Cerebrocerebellar 
degenerative disease 
Heredodegenerative 
disease of central 
nervous system 
Olivopontocerebellar 
atrophy 
Cerebrocerebellar 
degenerative disease, 
familial 
Cerebrocerebellar 
degenerative disease, 
familial 
degenerative disease 
111 J Cerebrocerebellar 
degenerative disease 


0.98 57. 4 J Mean 
0.28 J Standard deviation 
0.06 Y Standard error 


0.83- 


1.13 5. (+2.5 8. E.) 


of symptomatology and of involvement of 
cellular structures of the C. N. S., as well 
as implication of the myelinated tracts. As 
shown in Figure 4, the electrophoretic serum 
protein changes, compared with those for 
the normal group, were similar to those 
observed in typical multiple sclerosis. How- 
ever, the C. S. F. y-globulin and y-G/T. P. 
ratio values correlated better with the normal 
group, both falling statistically below the 
range of the M. S. group. 


a 
= 

P. Alb., a1, a2, 8, - 
= Case Gm./ Gm./ Gm./ Gm./ Gm./ Gm./ 7-G 
No. 100Ce. 100CGe. 100Ce. 100Ce. 100Ce. 100 Ce. 
4 97 5.97 1.% 0.65 0.74 1.11 1.33 

. 75 6.78 3.66 0.53 0.51 1.40 0.67 1 
; 61 6.38 3.76 0.67 0.62 0.9 0.87 1 

ee 62 6.36 2.97 0.61 0.74 1.38 0.64 0 

104 6.52 3.12 0.53 1.25 0.67 

- 114 6.88 3.39 0.50 0.63 1.32 1.04 ( 1 , 

7a 125 7.38 3.62 0.51 0.86 1.50 0.88 ¢ 
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Taste 5.—Group 5: Progressive Myelin Loss Without Clinical Evidence of Nerve Cell Loss 


C. 8. F. Proteins (Chem.) 


ai, a2, B, 7-G, 
‘ Gm. Gm./ Gm./ A/G Mg./ Gm./ 7-G/ 
No. 100Ce. 100Ce. 100Ce. 100Ce. 100Ce. 100Ce. Ratio 100Ce. 100Ce. T.P. Diagnosis 
Normal Protein Profile 


0.46 J 1.09 1.15 59.0 5. . Posterolateral degen- 
eration, P. A 
0.92 0.86 1.06 5. Schilder’s disease 
0.72 1.02 57.6 Combined degeneration 
0.51 J 0.84 34.3 F 6. Atypical multiple 
sclerosis 
0.65 5 0.95 3. ; Mean 
0.22 2 0.15 ‘ . Standard deviation 
0.11 0.08 5. Standard error 
0.37- 0.86- 0.76- 1 5. Population range 
0.93 1.38 1.14 5.2 . (+2.5 8. E.) 
rotein Profile Exceeding the Multiple Sclerosis Pattern 
6.39 1.51 0.88 1.42 1.31 1.27 ; 52. 3.5 26. Atypical multiple 
sclerosis 
5.02 2.62 0.43 0.48 0.76 0.73. Myelopathy, unknown 
etiology 
1.02 19 0.53 57. 7 k Neuromyelitis optica 
0.68 23 1.60 J ». . 24 Primary lateral 
sclerosis 
0.53 1.12 57.5 2 J Atypical multiple scle- 
rosis with familial 
muscular malfor- 
mation 
Atypical multiple 
sclerosis 
1.06 31. Subcortical enceph- 
alopathy 
3.60 0.29 0.75 Degenerative cerebellar 
ataxia 
4.01 0.61 0.69 ¥ 2. Myelopathy, unknown 
etiology 
4.41 0.37 0.58 1.18 J a 3. Atypical multiple 
sclerosis, microcephaly 
7.66 4.26 0.42 0.80 15 1.03 2 : 3 Myelopathy, unknown 
etiology 
6.49 3.12 0.52 0.77 1.10 0.98 2. Mean 
0.98 1.00 0.15 0.30 0.15 0.32 Standard deviation 
0.28 0.30 0.05 0.09 0.05 0.10 i 3. d i Standard error 
5.79- 2.37- 0.39- 0.54- 0.97- 0.73- . 51. 9.3- 5. Population range 
7.19 3.87 0.65 1.00 1.23 1.23 J 4 . 27. (+2.5 8. E.) 
Protein Profile Similar to Multiple Sclerosis Pattern 
0.36 0.91 0.96 1.06 J 7. Posterolateral 
degeneration 
0.48 0.51 0.92 4 8.8 Myeloradiculo- 
neuropathy 
0.57 0.97 li Atypical multiple scle- 
rosis, postencephalitic 
047 0.63 Atypical multiple scle- 
rosis, postencephalitic 
0.67 0.67 . d 39. 6 J Primary lateral 
sclerosis 
O44 1.08 97 5.8 2. Atypical multiple 
sclerosis 
0.46 0.91 Atypical multiple scle- 
rosis, postanesthetic 
047 0.78 Atypical multiple scle- 
rosis, post-traumatic 
0.62 0.93 Atypical multipie scle- 
rosis, following lead 
poison 
0.71 0.91 J ¥ Atypical multiple 
sclerosis 
0.83 58. 7. Atypical multiple scle- 
rosis with positive 
serology 
Diffuse sclerosis 
Mean 
Standard deviation 
Standard error 


Population range 
(+2.5 8. E.) 


Sto 10 
ase 


All Three Groups 
6.81 3.39 57. Mean 
0.79 0.75 5. Standard deviation 
0.15 0.14 J 2. 1, . Standard error 


6.43- 3.04- 50.3- Population range 
7.19 3.74 4 2 (+2.5 8. E.) 


Serum Proteins (Electrophoretic) pt 
( 
B. 
° 6.50- 3.25- 0.49- 0.68- 1.02- 0.87- 0.90- 45.5- - 4.7- 
7.26 3.55 0.59 0.94 1.28 1,13 1.06 69.1 9.8 
; 
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SERUM PROTEINS CSF PROTEINS 
(ELECTROPHORE TIC) (CHEMICAL) 


alpha alpho 2 : mgx_gomma gamma : TP 


2h 


A 


0 NORMAL RANGE @ MS RANGE M RANGE OF A,B,C SUBGROUPS OF THE GROUP 5 
* NORMAL MEAN -- MS MEAN e MEAN OF A,B,C SUBGROUPS OF THE GROUP 5 


Fig. 5.—“Protein profile” of Group 5, patients with progressive myelin loss without clinical 


evidence of nerve cell loss (Table 5), as compared with multiple sclerosis (M.S.) and normal 
groups. 


SERUM PROTEINS CSF PROTEINS 
(ELECTROPHORETIC) (CHEMICAL) 


9%*Albumin alpha 1 alpha 2 ox % : gamma  gamma:TP 
45 5 5 5 16 
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O NORMAL RANGE M@ MS RANGE WM GROUP 6 RANGE 
e¢ NORMAL MEAN -- MS MEAN ° GROUP 6 MEAN 
Fig. 6.—‘Protein profile” of Group 6, patients with debilitation, with and without neuro- 
logical disease (Table 6), as compared with multiple sclerosis (M.S.) and normal groups. 
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“PROTEIN PROFILE” IN MULTIPLE 


Group 5 (Table 5) included patients with 
progressive destruction of the myelinated 
structures with little or no clinical evidence 
of involvement of the cellular elements of 
the C. N. S. Many of these cases were diag- 
nosed as instances of atypical multiple scle- 


SCLEROSIS 


rosis, owing to the presence of one or more 
features not characteristic of this condition, 
e. g., history of lead poisoning, trauma, 
febrile illness, or spinal anesthesia just prior 
to the onset, or evidence of a familial char- 
acter of the disease. As shown by the statis- 


©. 8. F. Proteins (Chem.) 


Alb., a1, ae, B, 7-G, 
Case Gm./ Gm./ Gm./ Gm./ Gm./ Gm./ A/G Mg./ Gm./ 7-G/ 
No. 100Ce. 100Ce. 100Ce. 100Ce. 100Ce. 100Ce Ratio 100Ce. 100Ce. T.P. Diagnosis 
A. Patients with Neurological Diseases 
116 7.50 3.29 0.49 1.10 1.55 1.07 0.78 72.4 51 7 Hemiplegia; dermatitis 
18 5.76 3.26 0.42 0.67 0.87 0.54 1.31 52.1 6.7 2 Postencephalitic 
Parkinsonism 
91 7.20 4.31 0.49 0.57 0.99 0.84 1.49 61.2 3.7 6.1 Parkinsonism, 
arteriosclerotic 
101 7.44 4.07 0.46 0.37 1.16 1,38 1.21 66.0 4.2 64 Idiopathic Parkin- 
sonism 
134 6.82 3.35 0.59 0.59 1.04 1.25 0.96 58.0 5.5 9.5 Parkinsonism, 
arteriosclerotic 
68 7.75 3.4 0.55 0.388 1.45 0.98 1.03 80.1 1.3 1.7 Dystonia musculorum 
deformans 
63 6.70 8.15 0.60 0.82 1.50 0.63 0.89 4.0 3.3 6.1 Xanthomatosis with 
hemiplegia 
47 6.24 3.33 OAT 0.63 0.91 0.90 1.14 1.9 5.5 10.6 Postencephalitic de- 
myelinating syndrome 
13 6.44 3.47 0.48 0.79 1.43 0.77 1.00 49.0 3.1 6.3 Cerebrocerebellar dis- 
genesis, familial 
97 5.79 1.96 0.65 0.75 1.10 1,33 0.51 42.5 1.8 42 Amyotrophic lateral 
sclerosis 
61 6.88 3.46 0.67 0.62 0.96 0.87 1.21 70.0 4.0 5.7 Amyotrophic lateral 
sclerosis 
62 6.36 2.97 0.61 0.74 1.38 0.64 0.88 74.0 3.6 3.9 Amyotrophic lateral 
sclerosis 
75 6.78 3.66 0.53 0.51 1.40 0.67 1.17 67.6 3.2 4.8 Amyotrophic lateral 
sclerosis 
6.7 3.40 0.54 0,70 1.21 0.91 1.04 61.4 3.9 6.6 Mean 
0.64 0.59 0.07 0.16 0.25 0.27 0.27 11.5 15 3.0 Standard deviation 
0.18 0.16 0.02 0.04 0.07 0.07 0 3.2 04 0.8 Standard error 
6.33- 3.00- 0.49- 0.60- 1.03- 0.73- 0 53.4- 2.9- 4.5- Population range 
7.23 3.80 0.59 0.80 1.39 1.09 1.22 69.4 5.0 8.6 (2.5 8. E.) 
B. Debilitated Patients with Non-Neurological Diseases 
M41 7.92 3.76 0.53 0.84 1.24 1.55 0.91 55.0 6.1 111 Diabetes mellitus; 
arteriosclerosis 
140 6.78 3.53 0.67 0.4 1,02 0.61 1.09 39.2 7 Biirger’s disease 
143 6.64 2.34 0.68 0.99 1.53 111 0.55 64.8 2 18 Hypertension; arterio- 
sclerosis; osteoarthritis 
147 6.88 3.41 0.56 0.92 1.25 0.75 0.98 M3 3.9 7.1 Diabetes mellitus 
139 6.28 2.63 0.54 1.08 1,17 0.92 0.72 60.1 14 2.3 Arthritis of shoulders 
and hips 
146 7.00 3.28 0.45 0.98 1.32 1.01 0.89 89.6 7 8.0 Diabetes; cholecystitis 
145 6.18 3.44 0.70 0.49 1.16 0.39 1.25 96.4 2.9 3.0 Diabetes; hypertension; 
arteriosclerosis 
128 6.08 2.72 0.43 0.67 1.08 1.17 0.82 75.8 4.2 5.6 Arteriosclerosis; 
osteoporosis 
142 7.12 3.40 0.55 0.92 1.45 0.79 0.91 43.2 48 111 Arteriosclerosis; hyper- 
tension; osteoarthritis 
6.76 3.17 0.57 0.86 1.24 0.92 0.90 64.3 3.7 6.1 Mean 
0.56 0.46 0.08 0.17 0.18 0.35 0.21 19.5 2.3 3.5 Standard deviation 
0.19 0.15 0.03 0.06 0.06 0.12 0.07 6.5 0.7 1.2 Standard error 
6.28- 2.79- 0.49- 0.71- 1.09- 0.62- 0.72- 48.0- 2.0- 3.2- Population range 
7.24 3.55 0.65 1.01 1,39 1,22 1.08 80.6 5.5 9.0 (+2.5 8. E.) 
C. Data of All Debilitated Patients (With and Without Neurological Diseases) 
6.77 3.31 0.55 0.76 1.22 0.91 0.99 62.6 3.8 64 Mean 
0.62 0.51 0.09 0.20 0.23 0.31 0.22 14.9 17 3.1 Standard deviation 
0.13 0.11 0.02 0.04 0.05 0.07 0.05 3.2 0.4 0.7 Standard error 
6.44- 3.493- 0.50- 0.66- 1,09- 0.73- 0.86- 54.6- 2.9- 4.7- Population range 
7.10 3.59 0.60 0.86 1.35 1.09 1,12 70.6 4.8 8.0 (+2.5 8. E.) 


Tas_e 6.—Group 6: Debilitated Patients With and Without Neurological Diseases 

Serum Proteins (Electrophoretic) Po ; 

481 


A. 


tical data at the bottom of Table 5, this 
group, as a whole, gives a range of values 
for both serum and C. S. F. protein fractions 
which overlap those of the M. S. group. This 
was due to the marked heterogeneity of this 
group, which contained a number of cases 
with protein values considerably above and 
below those usually found in typical multiple 
sclerosis. These findings necessitated a fur- 
ther 
patients with a normal “protein profile,” 


division into three subgroups: A, 
including cases with posterolateral degenera- 
tion with pernicious anemia, posterolateral 
sclerosis of unknown etiology, and Schilder’s 
disease; B, patient with an increased “pro- 
tein profile,” including cases of primary 
lateral sclerosis, atypical multiple sclerosis, 
myelopathies of unknown etiology, Devic’s 
disease, etc.; C, patients with a decreased 
“protein profile,” including cases of myelo- 
radiculoneuropathies of unknown etiology, 
diffuse sclerosis, cerebrocerebellar dysgenesis, 
etc. 

The mean values and the ranges of the 
“protein profile” for the subgroups A, B, 
and C of Group 5 are shown in Figure 5, 
together with the comparative data for the 
normal and M. S. groups. Subgroup 5A 
exhibited both serum and C. S. F. protein 
values that were approximately normal and 
permitted this group to be readily differen- 
tiated from the M. S. group by means of its 
“protein profile.” Subgroup 5B showed an 
overlap with the M. S. group for all the 
serum protein fractions but demonstrated a 
marked statistical increase in the C. S. F. 
y-globulin and y-G/T. P. ratio, even above 
the range found for the M. S. group. On 
the contrary, Subgroup 5C disclosed a similar 
overlap of the serum protein fractions but 
relatively normal C. S. F. values when com- 
pared with the M. S. group. 

For Group 6 (debilitated patients), 13 
patients with neurological diseases were in- 
cluded because of their marked debilitated 
state. Since the laboratory data of this group 
were similar to those of the debilitated pa- 
tients without neurological disorders, these 
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NEUROLOGY AND PSYCHIATRY 
two subgroups were considered together for 
the purpose of obtaining the statistical data 
given at the bottom of Table 6. 

The range of values for the “protein 
profile” obtained for this group is shown in 
Figure 6, in comparison with the ranges for 
both the normal and the M. S. groups. These 
data, again, revealed an overlap with the 
M. S. group for serum protein findings, but 
the mean values for the albumin and y-globu- 
lin fractions were significantly below those 
usually found in either normal subjects or 
M. S. cases. The C. S. F. y-globulin values 
fell into the normal range and the y-G/T. P. 
ratio was depressed even below that found 
in the normal group. 


COM MENT 


Since, admittedly, the classification of the 
patient material into the various groups 
might be open to question, the individual 
protein values obtained and the diagnoses are 
listed for each case in Tables 1 to 6. It can be 
noted in these Tables that Groups 1, 4, and 5 
comprise a variety of diseases, many of which 
are represented by only a small number of 
cases. They are, therefore, classified accord- 
ing to the predominant pathologic lesion as 
the common denominator for each group. On 
the other hand, Groups 2 and 3, in addition 
to the pathologic lesions, have clinical fea- 
tures in common, such as Parkinson's syn- 
drome and hemiplegia. 


In Group 6 the common denominator was 
debilitation, which was particularly marked 
in the neurological cases. It has been re- 
ported by others that a decreased serum 
albumin,7 as well as a lowered y-globulin,t 
are frequently present in the state of mal- 
nutrition. Our results, as shown in Group 6, 
are in agreement with these findings. How- 
ever, the debilitated status per se is not the 
main cause of the observed protein changes, 
since they also occur in other neurological 
conditions in the absence of any evidence of 


+ References 19 and 20. 
t References 19 and 21. 
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malnutrition.§ Furthermore, the presence of 
debilitation, in most instances, serves to lower 
the mean serum albumin and y-globulin pro- 
tein values below that usually found in M. S. 
patients. Neither is an increased ag- and/or 
B-globulin fraction consistent with the state 
of malnutrition.** It is also apparent from 
these data (Fig. 6) that C. S. F. protein 
values are normal or subnormal in the de- 
bilitated state. Thus, this condition does not 
produce the “protein profile” observed in 
multiple sclerosis. Figure 6 also shows an 
overlap in. the range of the serum protein 
values in the debilitated group with those of 
the M. S. group, in contrast to the clear-cut 
separation of the C. S. F. protein data of 
these two groups. 

The relative greater importance of the 
C. S. F. protein results as compared with 
the serum protein values for the differentia- 
tion of the various groups of neurological 
diseases from those of multiple sclerosis are 
also illustrated by the data in Figures 1, 2, 
4, and 5. However, in a number of instances 
the electrophoretic serum protein fractions 
provide important supplementary data for 
differential purposes, as is apparent from the 
results shown in Figures 1 and 5A. The 
C. S. F. protein data included here are 
presently confined to the y-globulin and total 
protein determinations. Recently a method 
for a-globulins in both C. S. F. and serum 
has been developed by one of us ** which, 
in preliminary studies, disclosed significantly 
increased values, particularly in multiple 
sclerosis and hemiplegias, among a variety 
of neurological conditions. The “protein 
profile,” both serum and 
C. S. F. findings, is considered by us as an 
expanding concept with an continuously in- 
creasing number of parameters as new tech- 
niques are developed, including those for 
the subfractionation of electrophoretically 
“pure” protein fractions, e. g., albumin,** 
y-globulin,”® etc. It is hoped by the addition 
of such new techniques that one will be able 
to distinguish biochemically such conditions 


consisting of 


§ Robinson, R.: Personal communication, July 
15, 1955. 
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as hemiplegia from multiple sclerosis, since 
such a differentiation is readily made on 
clinical grounds. 


It should perhaps again be emphasized that 
the large variety of neurological diseases 
encompassed in Table 5 made it extremely 
difficult to fit these cases into a definitive 
pattern. One of the advantages of a quanti- 
tative biochemical approach is that it permits 
the differentiation of groups with protein 
values which exceed the estimated normal 
population range, as well as those which fall 
below it. The subdivision of the patients of 
Group 5 into three subgroups was then made 
rather arbitrarily on this basis. While the 
distinction of these subgroups from the M. S. 
group is not apparent from the serum pro- 
tein data, it is quite marked with respect to 
the C. S. F. protein values. This, again, 
illustrates the overriding importance of the 
C. S. F. protein results in neurological dis- 
eases, although admittedly some of the 
groups, e. g., Group 5A, consist of too few 
cases from which to draw any valid conclu- 
sions. Table 5 demonstrates that demyelina- 
tion in itself does not produce the changes 
in the “protein profile” observed in multiple 
sclerosis, since such conditions as Schilder’s 
disease, primary lateral sclerosis, and sub- 
acute combined degeneration with pernicious 
anemia do not show these alterations. 


In some cases listed in Group 5 the diag- 
nosis of “atypical” multiple sclerosis was 
made because of the presence of etiologic 
factors, previously discussed. The remaining 
cases listed as instances of atypical multiple 
sclerosis were diagnosed as such because of 
other unusual features, such as mental or 
sensory disturbances and/or lack of remis- 
sions. The absence of demonstrable remis- 
sions and exacerbations, while not excluding 
the possibility of multiple sclerosis, was used 
in previous publications || as one of the 
criteria for the elimination of those cases 
which could be considered as doubtful. It 
is such cases that are included in Table 5. 

This study, and our previous one,® deal 
with the application of group statistics to 


|| References 1 and 3. 
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the differentiation of multiple sclerosis pa- 
tients from those with other neurological 
diseases or from groups of normal subjects. 
These statistics can, therefore, be applied to, 
and are characteristic of, the group, rather 
than individual cases. In order to avoid any 
possible misinterpretations, graphs showing 
any individual data are omitted from the 
present study. Application of the protein 
data to individual cases should be based on 
the standard deviation (S. D.) rather than 
on the standard error (S. E.).§/ The rela- 
tionship between these two statistical quanti- 
ties for a series of normal subjects, as 
compared with a series of M. S. patients, 
was clearly demonstrated in Figure 11 of 
our previous paper.* While the mean serum 
protein fraction values all fall within +2.5 
S. E. for the normal series, the values extend 
well outside these limits, but just within the 
+2.5 S. D. range, for the M. S. series. It 
is possible to make these results more signifi- 
cant for individual cases by reducing the 
error of the method, and consequently de- 
creasing the standard deviation. Some new 
developments in the field of electrophoresis 
which permit two such determinations to be 
performed simultaneously in a dual analysis 
cell, under identical conditions, may make 
this procedure possible.# 


Only a few studies have appeared in the 
literature dealing with the application of 
the electrophoretic technique for serum and 
C. S. F. protein fractions to neurological 
diseases other than multiple sclerosis. One 
such paper, by Fisk and associates,** reports 
a significant decrease in the serum albumin 
and normal y-globulin values which are in 
agreement with our findings. However, these 
authors expressed their data in planimeter 
units and omitted the a- and £-globulin 
results, since they used heparinized blood, 
which changes the values of these fractions. 
Roboz and associates ** published paper- 
electrophoretic C. S. F. and serum protein 
patterns of one case with a brain tumor and 
another with the Guillain-Barré syndrome. 


{ References 17 and 18. 
# References 26 and 27. 
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These cases showed changes in the albumin, 
as well as in the 8- and y-globulin fractions, 
of both serum and cerebrospinal fluid. On 
the other hand, Kelley and associates *° re- 
ported no consistent differences in the elec- 
trophoretic fraction between the sera of a nor- 
mal group and the sera of a group of neuro- 
logical patients, including 23 patients with 
poliomyelitis and 5 with the Guillain-Barré 
syndrome. However, no quantitative results 
are presented in this paper, for comparison 
with our own data. In a recent study of six 
patients with acute injury of the spinal cord, 
Robinson ** showed by means of paper elec- 
trophoresis that there was a rapid fall in 
serum albumin and an increase in the 
a-globulin concentration as early as 17 hours 
to 5 days after the accident occurred. Con- 
comitantly, there was a much slower rise, 
and then a fall, in the y-globulin values. He 
also reported in this paper an increase in the 
total globulins, associated with a marked 
decrease in the albumin and the A/G ratio 
in the serum proteins of 100 patients in the 
later stages of paraplegia, using a salt- 
fractionation technique. These findings ap- 
pear to support our previous observations * 
that such changes in the serum proteins also 
occur in the chronic stage of neurological 
disorders involving the C. N. S. Because of 
the difficulties encountered in properly con- 
trolling the many variables affecting quanti- 
tative paper-strip electrophoresis, poor re- 
producibility of results has been reported.+ 
Such a criticism applies equally well to both 
serum and C. S, F. protein analysis with this 
method, but not to the more accurate moving 
boundary method of Tiselius ** used in this 
study. 


A number of papers have appeared in the 
literature which employ electrophoretic anal- 
ysis as a means of determining quantitatively 
the C. S. F. protein fractions in various 
neurological diseases. These include the work 
of Kabat and associates,** Schied and 
Schied,** Schneider and Wallenius,*? Labhart 
and associates,** Ewerbeck,** Cumings,* and 


* References 1-3 
+ References 32 and 33. 
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Biicher and associates,*’ among others. These 
authors are in general agreement that in- 
creases occur mainly in the £- and y-globulin 
fractions, frequently accompanied by a de- 
crease in the albumin fraction. The impor- 
tance of such data, as compared with serum 
findings, is that synthesis of C. S. F. proteins 
may occur in the meningeal space in such 
conditions without corresponding increases 
in the serum proteins. However, in view 
of the fact that the technique requires a 
concentration step involving the reduction of 
large volumes of C. S. F. (10 to 100 ml.) to 
relatively small volumes (0.1-0.2 ml.), the 
possibility of protein losses during this proc- 
ess is evident. For example, the earlier 
workers in this field § show a complete 
absence of a-globulins from their electro- 
phoretic data for normal C. S. F., as com- 
pared with the ubiquitous presence of these 
globulins in the work of later investigators || 
employing different concentrating methods. 
This would seem to provide concrete evi- 
dence that these labile proteins were lost 
during the dialysis step { and preclude its 
use for quantitative results. It can, therefore, 
be expected that more sensitive methods of 
protein analysis, which avoid either a con- 
centration step or paper electrophoresis, 
would give more accurate quantitative results 
for the C. S. F. protein fractions. Such pub- 
lished procedures include the quantitative 
immunochemical method for y-globulin '° and 
the more applicable clinical methods based 
on quantitative protein flocculation proce- 
dures.# 

It has been conjectured that the changes 
in the C. S. F. proteins may be the result of 
antibody production synthesized by the cells 
of the C. N. S.* No reasonable theories have 
been advanced to explain the changes in the 
serum protein fractions observed in many 
neurological diseases. Our previous explana- 


t References 3, 35, and 42. 
§ References 35, 36, 38. 

|| References 29 and 41. 

{ References 38 and 41. 
# References 8 and 9. 

* References 3, 35, and 42. 


tion, that some of these serum protein 
changes may be due to the demyelinating 
process, seems to be invalidated by our 
present findings, as they were not observed 
in Schilder’s disease. While a number of 
other suggestions for the serum protein 
changes in neurological diseases have been 
proposed, such as a genetic factor,** nutri- 
tional status,** endocrine disturbances,”* and 
allergic reactions,*® no valid evidence has 
been presented to support such hypotheses. 


SUM MARY 


The protein fractions in serum and cere- 
brospinal fluid (C. S. F.) of 115 patients 
with neurological diseases, other than typical 
multiple sclerosis (M. S.), and of 9 debili- 
tated patients with non-neurological dis- 
orders were studied. 

The neurological cases, for statistical pur- 
poses, were classified according to their pre- 
dominant pathologic lesion, as far as this 
could be estimated clinically, into five groups. 
This classification was based on whether the 
disease was clinically stationary or whether 
it was suggestive of progression with respect 
to destruction of myelinated structures 
and/or nerve cells. 

The combined protein changes, termed the 
“protein profile,” were compared by means 
of group statistics with those of a group of 
patients with typical multiple sclerosis and 
with those for a group of normal subjects. 

The results demonstrate that the chemical 
C. S. F. protein values, confined to y-globu- 
lin and total protein (T. P.) determinations, 
differ from those for typical multiple sclerosis 
in a large spectrum of neurological disorders, 
which includes cerebral palsy, Parkinsonism, 
amyotrophic lateral sclerosis, syringomyelia, 
familial and nonfamilial degenerative diseases 
of the central nervous system, atypical 
multiple sclerosis, posterolateral degenera- 
tion with pernicious anemia, Schilder’s dis- 
ease, primary lateral sclerosis, residual para- 
lytic poliomyelitis, etc. 

There was considerable overlapping in the 
ranges of the electrophoretic serum protein 
fractions in all the groups of neurological 
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patients with multiple sclerosis except for 
cases with evidence of stationary cell loss, 
such as patients with residuals of paralytic 
poliomyelitis and cerebral palsy, as well as 
for a group which included patients with 
posterolateral degeneration with pernicious 
anemia, Schilder’s disease, and posterolateral 
Only the 
series of patients with hemiplegia showed an 
overlapping of the protein profile with that 
for typical multiple sclerosis, regardless of 
the duration of the disease. 


sclerosis of unknown etiology. 


A control group of debilitated patients, 
with and without neurological disorders, dis- 
played overlapping serum protein findings 
with the M. S. group, although the mean 
values for albumin and y-globulins were 
significantly below those usually observed in 
normal subjects or in M. S. patients, and 
the C. S. F. findings fell into the normal 
range. This group of patients was included 
in this work in order to study the influence 
of the nutritional status on the protein profile. 

No theories are offered to explain the 
changes of the protein profile in neurological 
disorders. However, it appears certain that 
the demyelinating progress per se does not 
determine these changes, since such condi- 


tions as Schilder’s disease and posterolateral 
degeneration with pernicious anemia display 
a normal protein profile. 
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In contrast to other lysergic acid deriva- 
tives, lysergic acid diethylamide (LSD) is 
an extremely potent “hallucinogenic” agent.* 
Considerable attention has been given to 
Gaddum’s suggestion that the psychological 
effects of LSD might be due to an antagonism 
of 5-hydroxytryptamine (serotonin ) in brain. 
This amine is present in the central nervous 
system with particular localization in the 
hypothalamus, mesencephalon, and medulla.+ 
The observation that LSD is antagonistic 
to the stimulant effects of serotonin on var- 
ious types of smooth muscle in vitro® led 
Gaddum to speculate that “it is possible 
that the H-T (serotonin) in our brains 
plays an essential part in keeping us sane 
and that the effect of LSD is due to its in- 
hibitory action on the H-T in the brain.” * 
A similar notion was expressed by Woolley 
and Shaw,’ who found that harmine, a potent 
hallucinogen,® is also a serotonin antagonist. 
The observation of Shore, Silver, and 
Brodie® that LSD antagonizes serotonin 
potentiation of barbiturate hypnosis in mice 
supports this suggestion. Evarts and co- 
workers t have found that the pharmaco- 


Submitted for publication Jan. 24, 1956. 

From the National Institutes of Health, National 
Heart Institute, and the National Institute of 
Mental Health, U. S. Public Health Service, 
Department of Health, Education, and Welfare. 

* References 1 and 2. 

+ References 3 and 4. 

t References 10 and 11. 


488 


logical effects of bufotenine (N-dimethyl 
serotonin) are similar to those of LSD in 
several respects; both compounds block 
synaptic transmission in the lateral genicu- 
late nucleus of the cat and cause disturbances 
of certain sensory functions in the monkey. 
The similarity of action of LSD and bufote- 
nin suggested that “LSD and bufotenin may 
owe their neuropsychological effects to the 
fact that they are serotonin analogues.” ** 
The speculation to date implies that if in- 
creased amounts of serotonin were available 
at the site of LSD action, there would be 
a decrease in the effects of LSD. 

The availability of patients with elevated 
blood serotonin levels seemed to offer an 
opportunity to test the hypothesis that the 
effects of LSD in man are due to serotonin 
antagonism. The patients used in this study 
exhibited the syndrome associated with 
malignant carcinoid of the small intestine 
with metastases to the liver.§ This syndrome 
is chiefly manifest by cutaneous flushes, 
diarrhea, asthma, and valvular heart disease. 
The demonstration of large amounts of 
serotonin in carcinoid tumors || and in the 
blood of such patients { implicates overpro- 
duction of serotonin by the tumor in the 
pathogenesis of the syndrome. A greatly 
elevated urinary excretion of a serotonin 
metabolite, 5-hydroxyindoleacetic acid (5- 
HIAA), is another constant finding and is 
useful in establishing the diagnosis.# In 
seven patients studied at the clinical center, 
blood serotonin levels were shown to range 
from 0.5y to 2.7y/ml. compared with normal 
values of 0.ly to 0.3y/ml., and the urinary 


§ References 12 and 13. 
|| References 14 and 15. 
{ References 15-17. 

# References 17 and 18. 
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excretion of 5-HIAA ranged from 160 to 
580 mg/day, compared with 2 to 9 mg/day 
in normals. Although one of these patients 
showed poor concentration and marked 
emotional lability, in no case was there any 
evidence of psychotic behavior. 

LSD was administered to two of these 
patients to ascertain the extent to which 
elevated blood serotonin levels might an- 
tagonize the effects of LSD. 


MATERIALS AND METHODS 


LSD was given orally in 100 ml. water with the 
subjects in the fasting state. Patient 1 received 
207, 407 and 807 of the drug on May 30, June 6, 
and June 9, 1955, respectively, while Patient 2 
received 407 on June 10 and a placebo on June 14. 
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Psychological Observations—The tests used to 
measure the psychological effects of LSD were a 
symptom questionnaire !° and a test of digit-copy- 
ing speed.2° The effects of LSD on the performance 
of these tests by normal subjects had been deter- 
mined previously. The symptom questionnaire con- 
sisted of 47 items which covered a variety of symp- 
toms produced by LSD. In analyzing the subject's 
response, no attempt was made to grade the in- 
tensity of a positive answer to any of the items; 
the score was the number of positive responses. In 
the test of digit-copying speed, subjects were asked 
to copy 96 separate digits as quickly as possible; 
the score was the number of digits copied in one 
minute. The two tests were performed prior to 
and at 30-minute intervals after drug administra- 
tion. In addition, the verbal reports of the subjects 
were evaluated in determining the over-all psycho- 
logical effects of LSD. 


PUPIL SIZE 


COPYING DIGITS 


e Changes in pupil size, 
digit-copying speed, and 
symptom questionnaire re- 
sponses after 807 LSD in 


Patient 1. 
= 4 
215 
— 
a 
= 
> 
10-4 
ad SYMPTOM QUESTIONNAIRE \ 
\ 
\ 
D> 
2 
T T T T T 
PRIOR LSD 60 120 180 240 300 
TIME IN MINUTES 


/ 
489 


A. A. 
Physiological Observations —With the subject 
in the supine position, cuff blood pressure and radial 
pulse rate were measured every 10 minutes for 
1 hour before and for 6 hours after drug adminis- 
tration. Pupil diameter was measured every 30 
minutes. The subjects were observed closely for any 
untoward reactions. 


REPORT OF CASES 


Patient 1.—A 50-year-old housewife was first 
seen in March, 1955, complaining of “hot flushes” 
since 1946 and progressive enlargement of the liver 
since 1948. Liver biopsy in 1952 revealed carcinoid. 
Since 1952 the flushes had been accompanied by 
frequent vomiting and diarrhea, these symptoms 
becoming intractable prior to admission; there was 
a weight loss of 25 lb. Pertinent physical findings 
included cachexia, frequent erythematous flushes, 
blood pressure of 130/80 mm. of Hg, and a very 
large nodular liver. Blood serotonin levels ranged 
from 0.57 to 1.57/ml., and urinary excretion of 
serotonin metabolite (5-HIAA), from 240 to 
280 mg/day. 

Patient 2.—A 55-year-old businessman was ad- 
mitted in April, 1955, complaining of intermittent 
explosive diarrhea of two years’ duration and 
frequent flushes since August, 1954. Two small 
carcinoid tumors were excised from the ileum in 
November, 1954, and numerous metastases were 
seen in the liver. During 1955 he developed de- 
pendent ankle edema and experienced several 
attacks of asthma. There was gradual weight loss 
of 10 lb. Relevant physical findings were general 
appearance of well-being, frequent erythematous 
flushes of the face and neck, blood pressure of 
115/80 mm. of Hg, systolic pulsations of the neck 
veins, expiratory wheezes, enlarged nodular liver, 
and edema of the lower legs. Flushes could be 
produced by abdominal massage. Cardiac fluoroscopy 
revealed an enlarged right atrium, and a right 
atrial pressure curve was diagnostic of tricuspid 
insufficiency. Blood serotonin levels ranged from 
1.27 to 1.9y/ml. and urinary excretion of serotonin 
metabolite (5-HIAA) from 380 to 580 mg/day. 


RESULTS 

PATIENT 1.—This patient showed no ap- 
parent effects following 20, and 40, of 
LSD. She experienced moderately severe 
psychological effects after 80y. The Figure 
shows the onset, peak, and regression of 
the effects of the 80, dose of LSD as 
measured by the symptom questionnaire, 
digit-copying speed, and pupil size. Thirty 
minutes after administration of LSD the 
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patient reported that she felt nauseated, un- 
steady, and hot and that her heart was beat- 
ing faster than usual. At one hour she re- 
ported that her mouth felt puckered, and she 
thought that her voice had changed. Formi- 
cations were present, her hands and feet 
felt peculiar, and she had difficulty in talking. 
She did not perceive the environment 
accurately and reported that she could 
“hardly see.” She thought that the skin on 
her face was drawn into all sorts of “weird 
shapes.” The patient 


became depressed, 


frightened, and tearful. At two hours, she 
felt better, although some symptoms were 
still present. At six hours, she was “back 
to normal” except that she felt she did not 
look like herself. Several striking physio- 
logical effects were observed. Within 30 
minutes she exhibited almost continous pro- 


fuse perspiration and erythematous flushing, 
which subsided gradually after six hours. 
At one hour the blood pressure and pulse 
rate increased from control values of 170/110 
mm. Hg and 90/minute to 200/130 mm. Hg 
and 120/minute. By two hours the tachy- 
cardia had subsided, but the blood pressure 
remained at a level of 190/120 throughout 
the six-hour period of observation. During 
the second hour, marked edema of the face 
developed, being particularly pronounced in 
the lip and periorbital areas. The facial 
edema subsided gradually over a period of 
three days. The physiological reactions were 
similar to spontaneous attacks in this patient 
except for their increased severity and the 
hypertensive rather than the usual hypo- 
tensive response accompanying flushes. 
Patient 2.—Because of an asthmatic 
attack which occurred following 40y of LSD, 
a higher dose was not given. The verbal 
report of the subject following 40y of LSD 
indicated a definite psychological effect, al- 
though this effect was less evident on formal 
psychological testing. At one and one-half 
hours, he thought that the walls were closing 
in on him, that there was a tight band 
around his chest, and that his field of vision 
was constricted bitemporally. After this ini- 
tial unpleasant effect, he reported that he 


i 

= 


LYSERGIC ACID 
was “very much at peace with world.” There 
was no impairment in the patient’s ability 
to copy digits. However, when given a test 
of addition consisting of 48 problems of 5 
digits each, his speed of addition was 65 
digits per minute, as compared with his 
control score of 110 digits per minute. There 
was a 1 mm. increase in the size of his 
pupils. At about six hours, the patient re- 
ported that he felt tense and that he seemed 
to have a “great deal of energy” that had 
to be “dissipated.” Following a placebo, the 
patient responded only slightly, his reaction 
not approximating that seen with LSD. The 
patient appeared normal during the control 
period, but within one-half hour after LSD 
he began to have numerous erythematous 
flushes which continued for about five hours. 
At one hour he developed an acute asthmatic 
attack (the first in six weeks) which was 
relieved by inhalations of an (Isuprel) aero- 
sol. There was no significant change in the 
blood pressure or pulse. 


COMMENT 


Although there is considerable variation 
of individual response to LSD, some symp- 
toms are experienced by almost all subjects 
who receive the drug. These symptoms con- 
sist primarily of changes in the perceptual 
field, dream-like states, peculiar feelings of 
the extremities, paraesthesias, dizziness, 
unsteadiness, feelings of heat or cold, pres- 
sure in ears, inner trembling and weakness.*® 
Although both patients exhibited most of 
these symptoms, they were more pronounced 
in Patient 1. Patient 2 experienced a more 
relaxing, pleasant, and less threatening effect, 
a response which was not atypical for a 


40y dose. 


The results of this study indicate that 
a high level of blood serotonin does not 
alter the psychological effects of LSD and 
suggest that infusions of serotonin would 
not decrease the intensity of LSD effects 
in man. There is uncertainty as to the levels 
of brain serotonin in these patients. In this 
regard, when large amounts of serotonin 
(5 to 10 mg/kilogram) are injected intra- 
venously into dogs and guinea pigs, no 
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brain serotonin is observed.* 
The striking peripheral effects, consisting 
of bronchospasm, facial edema, and aggrava- 
tion of flushing reactions, have not been 
observed following the administration of 
LSD to normal patients and were the reverse 
of what would be expected to follow the 
administration of a serotonin antagonist to 
a patient with excess serotonin. The inter- 
action of LSD and serotonin on smooth 
muscle in vivo may be different from that 
observed in vitro. 


increase in 


Because of uncertainty as to the brain 
levels of serotonin in carcinoid patients, 
these experiments do not refute the hypoth- 
esis that the psychological effects of LSD 
are due to a blockade of some central action 
of serotonin. However, pharmacological an- 
tagonism of serotonin in smooth-muscle 
systems is not a sufficient index on which 
to predict hallucinogenic effects in a given 
chemical agent. Potent serotonin antagonists 
such as ergotamine, 2-bromlysergic acid 
diethylamide,** and chlorpromazine ** do not 
cause hallucinations. More direct evidence 
must be produced before it is established that 
the central effects of LSD are due to sero- 
tonin antagonism. 


SUMMARY 


The effects of lysergic acid diethylamide 
(LSD) were studied in two patients whose 
blood serotonin levels were elevated as the 
result of malignant carcinoid. The psycho- 
logical changes produced by LSD in these 
patients are of the order which have been 
observed in normal subjects receiving LSD. 
It is concluded that elevation of blood sero- 
tonin levels does not alter the central effects 
of LSD. 


* Udenfriend, S.: Personal communication to the 
authors. 
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Death Following Therapy 


Report of Three Cases 


CHARLES M. GAITZ, M.D. 

ALEX D. POKORNY, M.D. 
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MORRISS MILLS Jr., M.D., Houston, Texas 


It seems clearly established, on the basis 
of wide clinical experience, that electro- 
convulsive therapy is effective in the manage- 
ment of certain psychiatric disorders. Fur- 
thermore, it is equally clear that certain risks 
are involved in administering these treat- 
ments, but there seems to be a prevalent 
opinion that the risks are far outweighed by 
the potentiality for helping the patient. 
Various complications associated with elec- 
troconvulsive therapy have been discussed 
adequately by many workers, and we are 
not attempting here to review the whole 
subject. This paper has been written only 
to report three cases in which death occurred 
very soon after electroconvulsive therapy. 
We agree heartily with Kalinowsky and 
Hoch! that many important questions might 
he answered if reports of fatalities included 
a detailed clinical description of the circum- 
stances in which the fatality occurred, and 
we therefore feel obliged to report these 
cases. Because two of the patients were re- 
ceiving chlorpromazine, they may be of 
special interest. 

Two of the patients who died were elderly. 
Each had psychotic symptoms associated 
with cerebral arteriosclerosis and might have 
been considered to have “relative” con- 
traindications to treatment. Given the same 
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circumstances again, however, we should 
probably proceed in the same manner as 
before. We report these cases to help others 
obtain a better perspective of the risks taken 
in treating elderly patients with an organic 
brain syndrome. The third case is that of 
an apparently healthy young man who died 
suddenly immediately after treatment, with- 
out any apparent cause of death. 

Kalinowsky and Hoch® state that fatali- 
ties are extremely rare in electroconvulsive 
treatment and have the impression that the 
connection between death and treatment is 
doubtful in many of the cases which have 
been reported. Kolb and Vogel? surveyed 
a number of American hospitals in 1942, 
and only 4 deaths were reported among 7207 
patients who had received electroconvulsive 
treatment. Impastato and Almansi,® in the 
same year, reviewed the literature and found 
8 deaths reported in an estimated 11,000 
cases. Kalinowsky and Hoch believe that 
in uncombined E. C. T. the risk is less than 
the risk in giving a general anesthetic. There 
seems to be some evidence that the danger 
of death is increased when curare and curare- 
like drugs are used. In many of the cases of 
immediate death this drug had been given. 
Kalinowsky and Hoch * report that “Bennett 
has seen several cases of cardiovascular 
death within a few weeks after treatment 
and wonders whether the therapy may have 
hastened their occurrence.” The relationship 
of death to treatment in such instances is 
extremely difficult to evaluate. Some re- 
ported cases are obviously unrelated to 
treatment, but there may be other fatalities 
occurring during electroconvulsive treatment 
which are not reported. Necropsy findings 
often do not reveal the cause of death, but 
careful review of the clinical records sug- 
gests the cause of death to be cardiovascular 
and/or of central origin. 


493 


4 
| | 
|| 


A. M. A. 


Ehrenberg and Gullingsrud* report that 
in a group of 112 patients between the ages 
of 65 and 83 years, 78.5% were able to 
leave the hospital after electroconvulsive 
therapy. They report four deaths in this 
series. One death occurred in a 72-year-old 
man eight minutes after his 51st treatment. 
Autopsy revealed coronary arteriosclerosis 
with thrombosis and an old myocardial in- 
farct. Three other patients who suffered 
from severe physical illness died, and electric 
shock treatment may have contributed to 
their death. It was the authors’ opinion that 
there is only minimal risk in treating aged 
people in a reasonable state of health. 


Other authors * have reported that pa- 
tients in the seventh, eighth, and ninth 
decades of life can be treated satisfactorily 
and safely with electroshock. Wolff * reports 
on 249 elderly patients with psychiatric 
symptoms, associated with cerebral arterio- 
sclerosis and other organic neurological dis- 
eases, such as multiple sclerosis, Parkin- 
sonism, and epilepsy. Only 8 fractures 
occurred during treatment in this large 
series, whereas 90 fractures occurred during 


the same period of time as a result of falling 
or being involved in fights. It is Wolff’s 
opinion that electroshock treatment is less 
of a risk to the bones of old people than are 
the accidents of normal life. He reports no 
deaths. 


Robinson and DeMott * administered 103 
electroconvulsive treatments to six patients 
over 80 years of age with functional psy- 
choses. They feel, as do other authors, that 
the mental symptoms cannot be explained 
by the known pathology. They conclude that 
elderly patients can be given convulsive 
treatments as safely as younger patients, 
provided that satisfactory physical studies 
are made in advance and clearance is given 
by a competent internist who has had ex- 
perience in the influence and side-effects 
of such therapy. 

Weiss ® reports on a patient who suffered 
a disturbing vasomotor collapse. This pa- 
tient was treated with electroshock while 
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receiving chlorpromazine. A maximum dose 
of 450 mg. daily by mouth had been given 
to a patient who was overactive and who 
was exhausted physically. Immediately after 
the first treatment there was a rise in blood 
pressure and a very rapid fall, but within 
30 minutes the pressure had stabilized. The 
same effects were noticed after subsequent 
treatments, but there was less change in 
blood pressure after the dose was decreased 
and a normal blood pressure curve followed 
the patient’s last treatment, which was given 
after chlorpromazine had been discontinued. 
Weiss feels that the hypotensive action of 
chlorpromazine is intensified by electroshock 
treatment. 


REPORT OF CASES 


Approximately 8000 electroconvulsive 
treatments have been administered to about 
700 patients since this hospital began opera- 
tions as a Veterans Administration Hospital, 
six years ago. The following three cases 
represent the only deaths in this series. Fvi- 
dently as a coincidence, two of the deaths 
occurred within 30 minutes of each other. 
After careful investigation, we were forced 
to conclude that these deaths were not re- 
lated. The apparatus and equipment was 
examined thoroughly and was found to be in 
good working order, and the techniques 
used were essentially the same as had heen 
used for many months previously. 


Case 1.—A 28-year-old Negro, married, was ad- 
mitted to the psychiatric service of the V. A. Hos- 
pital on Sept. 8, 1954, having been committed be- 
cause of altered and disturbed behavior. He had 
first become withdrawn and inattentive in June, 
1954, and began to sleep more than usual. By 
August, 1954, he seemed confused and forgetful. He 
became afraid of his sister’s boy friend, stating that 
this man was out to hurt him, and “for protection” 
he began carrying a loaded gun. His family re- 
ported this to the police, and he was arrested and 
jailed. Here he proclaimed himself the “King of 
the City.” He occasionally said that he was still in 
the Army, and he would move about stiffly and 
salute frequently. 

There was a history of a previous hospitalization 
in 1947 for a mental condition, diagnosed as schizo- 
phrenic reaction, acute, unclassified. He had feelings 
that he was “controlled” and had delusional ideas 
that his mother was dying. He was discharged after 
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six weeks, without having received any somatic 
treatment. He subsequently worked as a waiter, 
until the onset of the episode in 1954. 

The patient was one of seven children. The father 
deserted the family when the patient was still a 
child, and the patient had always had a great many 
responsibilities in the family. He the 
Army from 1945 to 1947. 

At the time of admission the patient was seem- 
ingly confused and out of contact, and talked in a 
rambling, irrelevant fashion. He appeared to be 
hallucinating. His affective reactions were flattened, 
but he was quite restless at times. Physical exami- 
nation was within normal limits except for 1+ 
enlargement and moderate tenderness of the pros- 
tate, some small pustules on the skin, and some- 
what hypoactive tendon reflexes. The blood pressure 
was 120/70, and the pulse was 80 a minute and 
regular. The blood count showed 8500 white cells, 


served in 


with 68% neutrophiles, 26% lymphocytes, 4% 
monocytes, and 2% eosinophiles; 4,520,000 red 


cells, and 12.9 gm. of hemoglobin per 100 cc. Three 
“Tiirk cells” were noted. A standard Kahn pre- 
cipitation test and VDRL (flocculation) test were 
negative. Urinalysis showed pH of 4.5, sp. gr. of 
1.022, a negative reaction for albumin and sugar, 
and a few epithelial cells. X-ray of the chest was 
normal. Psychological testing (Rorschach; T. A. 
T.) revealed considerable loose, disorganized think- 
ing. Much of the content was of a rambling, de- 
lusional nature, but at times the patient was able 
to give appropriate responses. The diagnosis after 
admission examination was schizophrenic reaction, 
hebephrenic type. On Sept. 24 the patient had one 
electroconvulsive treatment with  succinylcholine 
(Anectine) chloride, 20 mg., and thiamylal (Suri- 
tal) sodium solution (5%), 4 cc. He was placed 
on insulin coma therapy on Sept. 27, and this was 
discontinued on Nov. 24, 1954, after he had had 
33 comas and was much improved. He relapsed 
very soon, and on Dec. 8, 1954, received 50 mg. of 
chlorpromazine I. M. On Dec. 9 he was given one 
E. C. T., with succinylcholine chloride, 20 mg., and 
thiamylal sodium (5%), 4 cc. On that day he was 
placed back on insulin coma therapy. Chlorproma- 
zine was continued, about two doses of 50 mg. I. M. 
daily, through Dec. 12, 1954. On Dec. 11 he was 
given another E. C. T., with succinylcholine chlo- 
ride, 20 mg., and thiamylal sodium 5%), 4 cc. He 
had received 37 additional insulin coma treatments 
by the time this therapy was discontinued, on Feb. 
4, 1955 (he had received one injection of reserpine, 
5 mg. I. M., on Jan. 13). He seemed quiet and 


free of hallucinations and delusions, but in a very 
short time he again became hyperactive, silly, and 
inappropriate in his behavior, showing hallucina- 
tions. 

On Feb. 11, 1955, the patient was started on 
chlorpromazine, and on this day he received 100 
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mg. orally in two doses. On Feb. 12 he received 150 
mg. orally at 9 a. m., and 1, 6, and 9 p. m., and also 
50 mg. I. M. at 6 p. m. and 10 p. m. He was given 
pentobarbital sodium, 4 cc., at 9 p. m. On Feb. 13 
he was given chloral hydrate grains 20 (0.13 gm.) 
orally at 2 a. m., but no other drugs. On Feb. 14 
he was given chlorpromazine 50 mg. I. M. at 5:15 
a. m., and at 10 a. m. he was given an E. C. T. 
He was given 5 cc. of thiamylal sodium (5%) 
I. V., then was given some inhalations of 30% COsz 
and 70% oxygen, then was given an E. C. T. with 
an Offner 736-A apparatus, a convulsive treatment 
being followed by subconvulsive stimulation (this 
combination with inhalations is a technique devel- 
oped locally by one of us [M. M.] and used suc- 
cessfully and safely in at least 100 cases). The 
patient showed no ill effects from the treatment, 
but his disturbed behavior continued. He was given 
chlorpromazine 200 mg. orally at 1, 6, and 9 p. m., 
and 100 mg. I. M. at 1 and 7 p. m. He continued 
beating on the walls, and once pulled a table apart, 
so that he had to be placed in seclusion. He re- 
mained wakeful during the night. The next morn- 
ing (Feb. 15) he was described as fairly quiet but 
“very confused.” At 9:25 a. m. he was given another 
E. C. T., using the following technique: He re- 


ceived about 30 seconds of inhalation of 100% 
nitrous oxide and was then given 30% COs: 


and 70% Oz to the point of unconsciousness. He 
was then given a convulsive treatment with the 
Offner apparatus, followed by subconvulsive “di- 
encephalic stimulation.” During the latter, respira- 
tion ceased and the pulse could not be detected. 
Resuscitation measures failed. 

Necropsy.—The heart weighed 375 gm. and was 
of usual size and appearance. Microscopically the 
capillaries were congested with erythrocytes. No 
areas of extravasation were noted. 

The liver weighed 2200 gm. The surface was 
smooth and glistening. Cut surfaces were red- 
brown with a nutmeg appearance. Microscopically 
some cells contained various-sized vacuoles. The 
sinusoids were engorged with erythrocytes. There 
was slight increase in the interlobular connective 
tissue. In the portal areas there were collections of 
lymphocytes, plasma cells, and large mononuclear 
cells. 

The brain weighed 1500 gm. The dura mater was 
slightly thickened. The internal carotid arteries had 
slight thickening and sclerotic plaques. The ver- 
tebral arteries and the basilar artery were distended 
with blood. On cut surfaces of the pons, on the left 
side just below the level of the substantia nigra, 
there was a punctate area of hemorrhage, 0.20.1 
cm. No other changes were noted. Microscopically 
there was a focal area of extravasated erythrocytes 
in the pons, separating and replacing the cells and 
fibers. In the pineal body the vessels were congested, 
and many of them contained sickled erythrocytes. 
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The glomus choroideum contained numerous con- 
centric, blue-stained bodies within the stalks. The 
blood vessels were congested, and many were filled 
with sickled erythrocytes. In the cortex the cellular 
and fibrillar patterns were as usual. The blood ves- 
sels were congested. There was some extravasation 
of erythrocytes into Virchow-Robin spaces. 

Pertinent autopsy findings were the following: 
state following electroshock therapy ; passive hyper- 
emia of viscera; hyperemia of meninges and brain 
with edema, slight; fatty change of liver. 


Case 2.—A 61-year-old white married man was 
admitted to the psychiatric service, Houston V. A. 
Hospital, on Feb. 23, 1955, having been committed 
because of disturbed behavior. The patient had been 
retired two years earlier from a laboring job, at 
which he had worked for 20 years, because of ex- 
treme nervousness and an arthritic knee. He seemed 
to do well until September, 1954, when he became 
quite ill with what his family doctor diagnosed as 
“pulmonary edema.” From then on the patient had 
some trouble in breathing and slept only after seda- 
tion. During 1954 his family also noted some speech 
difficulty, suggesting a partial aphasia, with echola- 
lia, but this gradually cleared. During the few 
months preceding admission, he had occasional 
periods when he did not recognize family members. 
He tended to wander off at night. A few days before 
admission he became completely incoherent and agi- 
tated. He burned the skin over his shins by sitting 
too close to a stove. 

The past history showed that the patient was 
born in Louisiana, of French extraction. He had 
been married for 31 years, and there were three 
children. His interests were always confined to his 
work, gardening, and raising chickens. He had 
always been somewhat overweight and had been a 
fairly heavy drinker, preferring straight whiskey. 
In the three years preceding admission his drinking 
had been almost continuous and excessive, and this 
seemed to hasten his retirement; however, his 
family evidently had kept him from drinking during 
the last few months before he was hospitalized. He 
was previously easy-going, happy, pleasant, and 
agreeable. He was in the Army in 1918 and 1919. 

Examination revealed a somewhat obese (height 
66 in.; weight 183 lb.) white man, of sthenic build, 
with ruddy complexion. Blood pressure was 124/84. 
Teeth were absent. The chest had an increased 
A-P diameter. Examination of the heart was not 
remarkable. There was a 13 cm. unhealed abrasion 
over the right shin. Otherwise physical and neuro- 
logical examination was negative. The patient was 
resistive to examinations and was almost com- 
pletely uncommunicative. He groaned loudly at 
times and appeared quite confused. Psychomotor 
activity was decreased, and mood appeared de- 
pressed. Urinalysis showed pH 6.0, sp. gr. 1.024, 
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negative reactions for albumin and sugar, and a rare 
white cell per high-power field. The blood count 
showed 6300 white cells, 59% neutrophiles, 34% 
lymphocytes, 6% monocytes, and 1% eosinophiles ; 
4,400,000 red cells, and 14.9 gm. of hemoglobin 
per 100 cc. The sedimentation rate was 10 mm. 
in one hour, and hematocrit was 46%. VDRL 
(flocculation) and Kahn precipitation (standard) 
tests were negative. The chest x-ray was normal. 
A diagnosis of chronic brain syndrome associated 
with cerebral arteriosclerosis, with psychotic reac- 
tion, confused and depressed type, was made. 

The patient was placed on chlorpromazine therapy 
on Feb. 23 and received 200 mg. I. M. daily for two 
days. On Feb. 24 a daily oral dose of 200 mg. was 
added. On Feb. 26 he was placed on 200 mg. orally 
q. i. d., and this was continued through March 21. 
He remained restless and confused and required 
almost daily seclusion. His speaking was somewhat 
improved. He paced the floor almost continuously 
and appeared agitated. He was occasionally incon- 
tinent. On March 22 the chlorpromazine was de- 
creased to 100 mg. q. i. d. orally, and on March 23 
to 50 mg. q. i. d. orally, which medication was con- 
tinued through March 29. The abrasion on the leg 
was treated with petrolatum (Vaseline) dressings, 

Another blood count, on March 25, showed 12,050 
white cells, with 67% neutrophiles, 26% lympho- 
cytes, 6% monocytes, and 1% eosinophiles. Hemo- 
globin was 15.9 gm. per 100 cc. Sedimentation rate 
was 23 mm. in one hour, and hematocrit was 48%. 
X-rays of the skull and spine on March 25 showed 
generalized osteoporosis and some osteoarthrosis, 
without other significant findings. An electrocardio- 
gram on March 28 showed normal sinus rhythm 
with multiple ventricular premature contractions, 
horizontal position, a borderline electrocardiogram, 
a “technically poor tracing.” The patient was being 
worked up for electroconvulsive therapy because of 
his continuing overactive, agitated, and depressed 
condition. 

On March 30 the patient was given his first elec- 
troconvulsive treatment. He was given atropine 
grain 1/100 (0.60 mg.) at 7 a. m. At 8:05 a. m. he 
was given succinylcholine chloride, 20 mg. I. V., 
and was then given a standard convulsive treatment 
with a Medcraft apparatus. He had a mild grand 
mal convulsion and resumed breathing spontane- 
ously. He was taken to the recovery room, where 
he continued to breathe deeply for about 25 minutes ; 
then his breathing stopped, and he became cyanotic. 
His pulse was questionably palpable and after a 
few seconds could not be felt. Resuscitation meas- 
ures failed. 


Necropsy.—The heart weighed 375 gm. and meas- 
ured 13 cm. from base to apex and 12 cm. across 
the base. Microscopically, myocardial fibers varied 
in width. In many areas there was replacement of 
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the myocardial fibers by fibrous tissue. The lumina 
of the coronary vessels were narrowed by sclerotic 
change. No areas of extravasated erythrocytes 
were noted. 


The brain weighed 1225 gm. There was flattening 
of the convolutions over the anterior superior 
portion of the cerebral hemispheres. The con- 
volutions were narrowed, and the sulci were broad- 
ened. The leptomeninx was thin, delicate, and trans- 
parent. The cerebral hemispheres, the cerebellum, 
the pons, and the medulla oblongata were sym- 
metrical and proportionate. There was no cerebellar 
pressure cone or any tentorial pressure grooves. 
The vertebral arteries, the basilar artery, and the 
vessels of the circle of Willis were slightly beaded. 
There was no evidence of occlusion. The lateral 
ventricles were spacious and symmetrical. The pat- 
tern of the gray and white matter was well pre- 
served. The substantia nigra of the cerebral pedun- 
cles and the dentate nucleus of the cerebellar 
hemispheres were clearly discernible. Microscopi- 
cally some of the cerebral blood vessels were en- 
gorged with erythrocytes. No change was noted in 
the cellular and fibrillar patterns of the pons. In the 
cerebrum the vascular engorgement was marked, 
and the cellular and fibrillar pattern there appeared 
as usual. 


Pertinent autopsy findings were the following: 
state following electric shock therapy; nephroscle- 
rosis, arterial and arteriolar; cardiac hypertrophy, 
slight; sclerosis of coronary arteries with scarring 
of myocardium; adenoma, chromophobe, incipient, 
of hypophysis. 

Case 3.—A 66-year-old white man, married, a 
retired laborer, was admitted to the medical ser- 
vice of the Houston V. A. Hospital on Feb. 15, 
1955, because of fever, possible pneumonitis, and 
confusion. The patient had been retired from his 
job as deck hand on a pilot boat seven years previ- 
ously because of “dizzy spells,” after he had fallen 
overboard several times. His family was told at 
the time that he had hardening of the arteries. From 
the time of his retirement he deteriorated gradually 
but steadily in his habits and emotional control, 
becoming dirty and unkempt, exhibiting fits of tem- 
per, and showing much concern with roaches and 
ants about the home. He refused to have his hair 
cut. About two weeks prior to admission the 
patient developed a severe cold. Codeine was pre- 
scribed, and this seemed to intensify his erratic 
behavior. He spent much of one night “killing 
bugs” on the ceiling, though his relatives could not 
see these. He could not be kept in bed, or occa- 
sionally even in the house. He would stop people 
in the street and accuse them of stealing his money 
or possessions. Because of this behavior and some 
continuing fever, the patient was brought to the 
hospital. 


Examination at the time of admission revealed 
an elderly white man, who appeared confused, mal- 
nourished, and dehydrated. Blood pressure was 
174/80, and pulse rate was 80 a minute. The tem- 
perature was 99.2F. The patient was 71 inches 
in height and weighed 131 lb. The neck veins were 
slightly distended. Ophthalmoscopic examination 
revealed a Grade II sclerosis of the vessels, and the 
optic discs appeared light in color.The nasal septum 
was deviated to the left. The patient was edentu- 
lous. The tongue was coated. The chest was 
slightly emphysematous in contour. There were 
fine moist rales in both lung bases. The heart was 
not enlarged. P.M.I. was in the fifth intercostal 
space at the midclavicular line. No impact or thrill 
was felt. No murmurs were heard. Az was greater 
than Pz. Palpation of peripheral arteries showed 
noticeable hardening. There was some diminution 
of deep tendon reflexes in the left upper extremity. 
The skin was dry and scaly over the entire body. 
Otherwise physical and neurological examination 
was within normal limits. Urinalysis on Feb. 15 
showed pH of 5.5, sp. gr. of 1.018, negative reac- 
tions for albumin, sugar, and acetone, and normal 
microscopic findings. Prothrombin time was 85%. 
Blood count showed 13,600 white cells, with 72% 
neutrophiles, 25% lymphocytes, 2% monocytes, and 
1% eosinophiles; 3,500,000 red cells, and 11.4 gm. 
of hemoglobin per 100 cc. VDRL (flocculation) 
and Kahn precipitation (standard) tests were 
negative. Serum bilirubin was 0.2 mg. per 100 cc. ; 
alkaline phosphatase measured 6.2 Bodansky units 
per 100 cc., and thymol turbidity was 1 unit. 
B. U.N. was 13 mg. per 100 cc. Total serum pro- 
tein was 5.8 gm., with 3.7 gm. of albumin and 
2.1 gm. of globulin, per 100 cc. A smear of sputum 
showed Gram-positive cocci, and a culture showed 
a few pneumococci. A repeat blood serology was 
negative, and a repeated urinalysis showed no 
change. A blood count on Feb. 21, 1955, showed 
4,200,000 red cells, with 12.9 gm. of hemoglobin 
and 41.5% hematocrit. A blood culture on Feb. 23 
Was negative. X-ray of the chest on Feb. 15 showed 
a generalized prominence of the vascular shadows 
but no enlargement of the heart contour. A flat 
x-ray of the abdomen was essentially negative. 
X-ray of the chest on Feb. 21 was normal. An 
x-ray of the skull on March 1, and another on 
March 3, were normal. X-rays of the spine on 
March 3 showed a moderate degree of osteoarthro- 
sis of the lower cervical spine with narrowing at 
the C5 interspace, indicating disc degeneration. 
There was moderate hypertrophic spurring of the 
thoracic and lumbar vertebrae. EEG on March 2 
showed a “slowed alpha” rhythm, 7% to 8% cps, 
occipital dominant pattern, with some low-voltage, 
5-7 cps activity in the frontal leads. There were 
no focal or lateralizing signs. The record was 


497 


A. M. A. 


thought typical of diffuse cerebrovascular disease. 
ECG’s on Feb. 16 and 17 and on March 4 were 
normal. The patient was given aqueous penicillin 
and sulfisoxazole (Gantrisin) from Feb. 16 to 
Feb. 21 but then developed a generalized rash over 
the trunk, and the penicillin was discontinued. 
Tetracycline (Achromycin) was added, and the 
patient was given diphenhydramine (Benadryl) 
50 mg. q.i.d. from Feb. 21 to Feb. 28, 1955. The 
patient was seen in psychiatric consultation on 
Feb. 19 because of confusion, disorientation, and 
inability to control him on a medical ward; and he 
was transferred to a psychiatric ward on Feb. 28. 
A diagnosis of chronic brain syndrome associated 
with cerebral arteriosclerosis, with psychotic reac- 
tion, confused and depressed type, was made. 

On Feb. 28 all previous medications were discon- 
tinued, and the patient was placed on therapeutic 
vitamins. He remained confused, tending to get 
lost on the ward, voiding on the floor, and being 
On March 8 he was placed 
on oral pentylenetetrazol (Metrazol), grains 1% 
(0.975 gm.) twice daily. He continued to be agi- 
tated and at times was depressed and tearful. On 
March 15 he was started on E. C. T., using atropine 
grain 1/100 premedication but no other drugs. 
A Medcraft apparatus was used. The patient was 
given convulsive treatments on March 15, 16, 18, 
21, 23, 25, and 28 and showed no untoward effects. 
On March 21 he was sufficiently improved to go to 
occupational therapy. However, by March 27 he 
was again very confused, agitated, and restless, 
staying awake most of the night, going through his 
pockets repeatedly, looking under the mattress, 
picking things out of waste baskets, and showing 
incontinence. 

On March 30 the patient was again given atropine 
grain 1/100 at 7:00 a.m. At 8:15 a. m. he was 
given a convulsive E.C.T., following the same 
technique as used previously. He resumed breath- 
ing in the usual time and was taken to the recovery 
room. Within two minutes he was noted to be 
cyanotic, and his respiration had stopped. No pulse 
could be found, and auscultation revealed no heart 
beat. Resuscitation measures were not successful. 


Necropsy—The brain weighed 1375 gm. The 
cerebral convolutions were as usual, and the sulci 
were not broadened. The cerebral hemispheres, the 
cerebellum, the pons, and the medulla oblongata 
were symmetrical and proportionate. The vessels 
of the circle of Willis were thin-walled, and there 
were no anomalies in their arrangement. There was 
no cerebellar pressure cone nor any tentorial pres- 
sure grooves. Microscopic examination of the lepto- 
meninx, the cerebral cortex, and the cerebral blood 
vessels revealed no abnormalities. 

Pertinent autopsy findings were the following: 
state following electroshock therapy; nephrosclero- 
sis, arterial and arteriolar; cardiac hypertrophy; 
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sclerosis of coronary arteries with occlusion, myo- 
cardial infarction, and rupture of myocardium, with 
cardiac tamponade; cortical adenoma of adrenal 
glands, and epithelial cell nests in hypophysis 
cerebri. 

Thus, the immediate cause of death was cardiac 
tamponade, from a laceration 2 cm. long in the pos- 
terior surface of the left ventricle. This had 
occurred in an area of apparently recent. myocardial 
infarction. 


COMMENT 


There remains much confusion in the lit- 
erature regarding the advantages and risks 
involved in administering electroconvulsive 
therapy. The advisability of using atropine, 
sedatives, muscle relaxants, etc., is equally 
unclear. The total picture is further compli- 
cated by the introduction recently of various 
“tranquilizing” drugs into the armamen- 
tarium of the psychiatrist. In the final analy- 
sis, the psychiatrist must accept the responsi- 
bility of deciding whether a patient should be 
given electroconvulsive therapy, and make 
his decision after weighing the advantages 
against the disadvantages, and taking into 
account the possible complications. Though 
patients who are poor risks may be expected 
to benefit from the treatment, we share 
Maclay’s *® opinion that the risks must not 
be lightly taken merely because the patient is 
mentally abnormal. Statistical surveys of the 
deaths in patients receiving E.C.T. show 
rates as low as 0.06%. We suspect that the 
rate is much higher in elderly patients. 

In Case 1, there were no anatomic findings 
at necropsy sufficient to account for death. 
Findings regarded by us as possibly signifi- 
cant include engorgement of brain vessels in 
several areas with sickled erythrocytes, 
minute extravasations in areas of the brain, 
and some fatty change in the liver. Sud- 
den, unexplained death is not uncommon in 
patients with fatty change in the liver, and it 
should be pointed out that the patient had 
been extremely hyperactive the night before 
his death, and may have been approaching 
exhaustion. This patient evidently had a 
sickling trait, though this had not been diag- 
nosed clinically. One might speculate that 
the inhalations of CO: preceding E. C. T. 
caused the sickling and extravasations noted 
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at necropsy. Only further experience will 
help to tell whether chlorpromazine and its 
“potentiating” effect played any part in this 
death. 

In Case 2, again, the findings at necropsy 
do not explain clearly the cause of death. 
However, the necropsy showed slight cardiac 
hypertrophy and sclerosis of the coronary 
arteries with scarring of the myocardium. 
These findings, combined with the clinical 
findings of a borderline electrocardiogram, 
and the course of events at the time of death, 
strongly suggest that death was due to an 
acute cardiac incident. Similar cases of death 
have been reported in the literature in 
elderly patients with borderline cardiac con- 
ditions. Even though this patient had been 
on chlorpromazine for over a month and the 
exact physiological effects of the drug are 
not known, it does not seem necessary to 
postulate that death in this case was related 
to the drug. 

In Case 3, death was due to rupture of the 
myocardium in an area of apparently recent 
myocardial infarction. The infarction oc- 
curred, presumably, after the course of 
E. C. T. was started, inasmuch as he had 
had three normal electrocardiograms before 
treatment. Such uncommunicative, confused 
patients not infrequently develop serious 
physical disorders which remain undetected 
clinically. 

Cases 2 and 3 bring out the difficult prob- 
lem of evaluating contraindications to E.C.T. 
Recent articles have tended to encourage the 
use of E. C. T. in elderly patients and those 
with cardiac disease. In general we agree 
with this thinking, but our experiences indi- 
cate that there remains a certain risk. 


SUMMARY 


Three cases of death following electrocon- 
vulsive therapy are reported. 


In the first case, that of a 28-year-old 
Negro man, treated for schizophrenia, the 
cause of death remains obscure. Possibly 
involved were a fatty liver, a sickling trait, 
physiological changes associated with a modi- 
fied technique for administering E. C. T., 
or a “potentiating” effect of chlorpromazine, 
or some combination of these factors. 

In the second case there was cardiac 
pathology which presumably was a factor in 
death. In the third case, death was due to 
demonstrable cardiac pathology. In both 
instances the patients were elderly men with 
organic brain syndromes with psychosis. 
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Heredofamilial Juvenile Atrophy 
Simulating Muscular Dystrophy 


E. KUGELBERG, M.D. 
and 


L. WELANDER, M.D., Stockholm 


Avi 

Since 1945 we have personally examined 
12 patients with a juvenile type of hereditary 
muscular atrophy, all of whom had earlier 
been considered to have muscular dystrophy 
of the limb-girdle type. The diagnosis was 
verified by electromyography (Kugelberg,’? 
1949) and muscle biopsy. 

This type of hereditary juvenile spinal 
muscular atrophy constitutes a distinct dis- 
ease entity but seems to be little known, since 


Received for publication Nov. 3, 1955. 

Preliminary reports were presented at the 12th 
Congress of Scandinavian Neurologists, held in 
Oslo, Norway, on Sept. 12, 1952, and at Jahresta- 
gung der deutschen Gesellschaft fiir Neurologie, 
Wirzburg, Germany, on Sept. 2, 1954 (Deutsche 
Ztschr. Nervenh,. 173:480-481, 1955). 

From the Neurological Clinics of Serafimerla- 
sarettet, Stockholm, and Sahlgrenska Sjukhuset, 
Gothenburg, Sweden. 


it is generally mistaken for muscular dys- 
trophy. Ford® (1952) and others have 
reported cases of juvenile spinal muscular 
atrophy. The disease described here differs 
from theirs in the slower and relatively 
favorable course and the absence of bulbar 
and pseudobulbar symptoms and mental 
changes. 
CASE HISTORIES 


Case 2, which is fairly typical and which 
led to this investigation, will be described in 
detail and the remaining cases abstracted. 
For further data on weakness see the Table. 

Case 1 (Pedigree I).—The patient, an unmarried 
man aged 38, was first seen at Serafimerlasarettet 
in 1945, at the age of 28, with the complaint of 
severe weakness of all four extremities, resulting 
in total disability. 

His parents were not blood relatives and came 
from different counties. None of his relatives were 
known to be affected. 

The onset occurred at the age of 15 with difficulty 
in running, climbing stairs, and getting up from the 
ground. He was examined at this time at a neuro- 
logical outpatient department, where a diagnosis 


Clinical Data on Twelve Cases of Heredofamilial Juvenile Muscular Atrophy 
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of progressive muscular dystrophy was made. At 
16 he began to have difficulty in raising his arms 
above the head, particularly in keeping them there. 
There was slow, steady progression of the symp- 
toms. He was able to earn a living by light work 
up to the age of 28, when a complicated fracture 
of the lower leg necessitated prolonged confinement 
to bed. After this he was unable to walk or stand. 


Examination in 1945 revealed severe muscular 
wasting and weakness of all four extremities, 
particularly of the proximal portions. The cranial 
nerves were normal. Trunk movements in the 
sitting position were performed fairly well. Fasci- 
culations were observed in the forearms and the 
small muscles of the hands. 


All muscle reflexes were lost with the exception 
of the ankle jerks, which were weak. The plantar 
responses were flexor. The abdominal reflexes 
were normal. Sensibility was intact. 

The electromyograms from the biceps brachii, 
the first dorsal interosseus, and other muscles and 
the biopsy specimen from the right quadriceps 
muscle showed changes typical of lower-motor- 
neuron damage. 

Reexamination in 1955, at the age of 38, revealed 
slight advance in the physical findings. 

Case 2 (Pedigree I1).—The patient, a farmer’s 
daughter aged 12, was admitted to Serafimerlasar- 
ettet in 1947 for weakness of the legs. She was first 
seen by one of us (E. K.) in 1946, when examina- 
tion revealed marked wasting and weakness of the 
thigh, shoulder-girdle, and upper arm muscles, The 
clinical picture was considered characteristic of 
muscular dystrophy. The electromyograms from 
the right triceps and right quadriceps, as well as 
the biopsy specimen from the right quadriceps 
muscle (Fig. 3) showed, however, changes typical 
of lower-motor-neuron lesion. 

A maternal uncle (Case 3) and a first cousin on 
her mother’s side (Case 4) had the same symp- 
toms. No other relatives were known to be affected. 
Her parents were not blood relatives and came 
from different counties. They and eight siblings, 
aged 1 to 14 years, were symptom-free (Fig. 1). 

The patient’s early development was normal. She 
walked at the age of 11 months and had been 
exceptionally bright and active, “dancing about” 
and climbing on to chairs. 

In the autumn of 1937, at the age of 3% years, 
she had measles without known complications, 
having been nursed at home for six to seven weeks. 
After this she was less nimble and had difficulty 
in running. 

About six months later she began to stumble, 
and occasionally her legs doubled up. Later, she 
began to have difficulty in climbing stairs, and in 
rising from the sitting position assisted herself up by 
placing her hands on her thighs. At the age of 6 
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she had whooping cough, with transient deteriora- 
tion of her condition. 


Up to the age of 11 years she was able to walk 
to school, a distance of 4.5 kilometers. That year 
she had pneumonia and was confined to bed for a 
month. After this she was able to walk only a few 
steps in the house. On restarting school she had 
to be carried to and from her desk and was soon 
compelled to discontinue attending school. 


Examination in 1947 revealed a semewhat shy, 
healthy-looking girl. She was able to sit without 
support and performed trunk movements well. She 
could not sit up from the recumbent positien or 
rise from the sitting position unaided, and could 
only just stand with support. She had difficulty in 
lifting her head from the pillow, but not in turning 
the head from side to side. There was no definite 
atrophy of the sternocleidomastoid muscles. The 
muscles of the cranial innervation were otherwise 
normal. 


In the upper extremities, there was moderate 
atrophy of the upper arm muscles and slight atrophy 
of the forearm muscles. The muscles of the hands 
were well preserved. There was marked weakness 
of movements at the shoulders; she could only just 
raise her arms above the head, but there was no 
winging of the scapulae. There was marked weak- 
ness of movements at the elbows, especially of 
flexion. Power in the finger muscles was moderately 
diminished. Dynamometer values were right 8, 
left 0. 

In the lower extremities, there was fairly severe 
atrophy of the thigh muscles. The calves were 
somewhat thin. Power at the hip joint was severely 
diminished; she could only with the greatest diffi- 
culty draw her legs on to the bed. Ability to adduct 
was lost, even though there was palpable contrac- 
tion of the adductor muscles. There was marked 
weakness of all movements at the knees and moder- 
ate weakness of dorsiflexion and inversion of the 
feet, with slight weakness of eversion. Plantar 
flexion was normal. She could only just stand on 
the right toes with support, but could not stand at 
all on the left toes. She was unable to stand on the 
heels. There was moderate weakness of dorsiflexion 
of the toes and severe weakness of plantar flexion. 

Careful inspection revealed no spontaneous mus- 
cular fasciculation; there was some fascicular 
tremor of the toes. The neostigmine (Prostigmin) 
test (Welander *) evoked fairly strong fascicula- 
tions in the calf muscles and a few twitchings in 
the biceps and triceps and intensified the fascicular 
tremors in the toes. There were no sensory dis- 
turbances. All muscle reflexes were lost with the 
exception of the ankle jerks, which were normal. 
The abdominal reflexes and the plantar response 
were absent. The cerebrospinal fluid was normal. 


* References 22 and 23. 
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Case 3 (Pedigree Il) —The patient was a 48- 
year-old unmarried man, formerly a farm hand. He 
was a relative of Cases 2 and 4. His parents were 
first cousins. 

The onset occurred at the age of 17 with weak- 
ness of the lower limbs. Later, weakness developed 
in the upper limbs; power in the hands remained 
good. At the age of 35 he lost the ability to stand 
but for several years moved about in a wheel chair. 
After a stroke, at the age of 47, he was bedridden. 

When examined at home in 1947, he was practic- 
ally unable to move in his bed. Intelligence was un- 
impaired. The cranial nerves were normal. There 
was marked wasting and weakness of the limb 
muscles, especially of the proximal groups. No 
muscular fasciculation was observed. Sensibility was 
unimpaired. The muscle reflexes were abolished. 
The plantar responses were absent. 

The patient died in 1949 of pneumonia. Autopsy 
was not performed. 

Case 4 (Pedigree I11).—The patient was a 17- 
year-old farmer’s son, and a relative of Cases 2 and 
3. His parents were not consanguineous but came 
from neighboring parishes. 

The onset occurred at the age of 2 years with 
unsteadiness of the legs. Later, weakness of the 
arms developed, followed by weakness of the hands. 
From the age of 15 he had been unable to move 
about unaided and was confined to a wheel chair. 

Examination at home in 1947 revealed marked 
wasting and weakness of the limbs, especially of 
the proximal muscles. Spontaneous fasciculations 
were observed in the arms. Sensibility was normal. 
All muscle reflexes were abolished with the excep- 
tion of the right biceps and brachioradialis, which 
were extremely weak. The abdominal reflexes 
were brisk. The plantar responses were normal. 

Case 5 (Pedigree III1).—The patient, an un- 
married man aged 37, complained of severe weak- 
ness of the limbs. He lived with his parents and 
earned a fair living at home as an instrument maker. 

His sister (Case 6) was similarly affected. His 
parents, who came from different counties, and 
younger brother were symptom-free. 

The onset occurred at the age of 10 years, with 
difficulty in running. By the age of 13 he had lost 
the ability to run. At the same time weakness 
developed in the arms. At the age of 16 he began 
to have difficulty in climbing stairs. After rheu- 
matoid arthritis, at the age of 21, he noticed rapid 
progression of his symptoms. At the age of 22 he had 
been admitted to Serafimerlasarettet (Wohlfart,?* 
Case 1). 

Examination at Serafimerlasarettet in 1947, at 
the age of 29, revealed marked wasting and weak- 
ness of the limbs, especially of the proximal mus- 
cles. He was unable to rise unaided and could 
barely walk without support. A few fasciculations 
were observed in the deltoid muscles, sensibility was 
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normal. The muscle reflexes were lost. The electro- 
myographic picture and the muscle biopsy findings 
were typical of lower-motor-neuron lesion. 

He was reexamined at home in 1955, at the age 
of 37. He had then been unable to walk or stand 
for the past few years but could move to and from 
his chair and could dress himself. He was still 
working and earning a living. Gross fasciculations 
were present in the limb and sternocleidomastoid 
muscles. 

Case 6 (Pedigree III)—The patient was an 
unmarried woman, aged 36, and the sister of Case 5. 
She complained of considerable weakness and wast- 
ing of the limbs, but she was still able to walk to 
and from the dressmaker’s shop where she was 
employed in doing invisible mending. 

The onset occurred at the age of 3 years with 
unsteadiness of the legs. Later, weakness of the 
arms developed. For the past several years her 
condition had remained unchanged. She had been 
seen by a neurologist at the age of 21 (Wohlfart +). 

Examination at Serafimerlasarettet in 1947 re- 
vealed hypertrophy in the gluteal region. She had 
noted occasional cramps and twitchings in the toes. 
There were no spontaneous fasciculations, but the 
neostigmine test evoked widespread fasciculations. 
Sensibility was normal. The muscle reflexes were 
lost. The plantar responses were normal. The elec- 
tromyogram was typical of lower-motor-neuron 
lesion. 

Reexamination at her home in 1955, at the age of 
36, showed her doing full-time work. She was still 
able to climb stairs, although with great difficulty. 
There were widespread fasciculations in the limbs. 

Case 7 (Pedigree 1V).—The patient, an un- 
married metal worker aged 26, was first seen at 
Serafimerlasarettet in 1950, at the age of 21 (Fig. 
2), with the complaint of muscular wasting and 
weakness of the limbs. 

His sister (Case 8) was similarly affected. His 
father had in later life suffered from very slowly 
progressive distal muscular atrophy with mild 
sensory disturbances in the upper and lower limbs. 
The patient's mother and younger brother were 
symptom-free. The parents were unrelated but 
came from the same county. 

The onset had probably occurred at the age of 
3 years, when he had difficulty in rising from the 
squatting position and increasing fatigability of the 
legs. The symptoms had remained fairly stationary 
through the years. At the age of 21 he still cycled 
to work. 

Examination in 1950 revealed moderate wasting 
and weakness of the proximal limb muscles and 
profuse fasciculations. Sensibility was normal. The 
muscle reflexes were normal in the arms, weak in 
the legs. The abdominal reflexes were brisk. The 
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plantar responses were normal. The electromyo- 
gram and the muscle biopsy findings were typical 
of lower-motor-neuron lesion. 

Reexamination at his home in 1955, at the age 
of 26, revealed very slight advance in the physical 
findings. He was still working. 

Case 8 (Pedigree 1V).—The patient, a 23-year- 
old seamstress, was first seen at Serafimerlasarettet 
in 1950, at the age of 18, with the complaint of 
increasing weakness of the limb muscles. She was 
the sister of Case 7. 

The weakness started at the age of 3 years and 
had slowly and steadily progressed. At the age of 
18 she had difficulty in climbing stairs, mounting 
buses, and carrying a bucket of water. Neverthe- 
less, she was working full-time and managed bicycle 
trips of 30 to 40 kilometers in an afternoon. There 
were no fasciculations. Sensibility was normal. The 
biceps reflexes were weak; the ankle jerks were 
normal. All other muscle reflexes were lost. The 
abdominal reflexes were brisk. The plantar re- 
sponses were normal. The electromyogram was 
typical of lower-motor-neuron lesion. 

When reexamined at her home in 1955, at the 
age of 23, she was still working. There was moder- 
ate advance of the weakness. She had had a child 
by normal delivery at full term in 1954, without 
effect on her condition. The child, aged 16 months, 
walked well. 

Case 9 (Pedigree V).—The patient, a 37-year- 
old married engineer, was first seen when he visited 
Serafimerlasarettet in 1952 to inquire whether any 
treatment for muscular dystrophy had been dis- 
covered. A brother (Case 10) and a sister (Case 
11) had the same disease. His parents were unre- 
lated but came from neighboring counties. His 
children, aged 3 years and 5 months, respectively, 
were symptom-free. 

The onset occurred at the age of 14 with weak- 
ness and wasting of the proximal muscles of the 
legs, which slowly and steadily increased. At the 
age of 17 he was examined during the course of a 
genealogical investigation, when his condition was 
diagnosed as muscular dystrophy.t 

When he was seen by us in 1952, the symptoms 
had spread to the distal muscles. He was unable 
to rise from a chair unaided, but with the assistance 
of his wife and a car he was doing full-time work. 
There were fasciculations in the limbs. Sensibility 
was normal. The muscle reflexes were lost. The 
electromyogram was typical of lower-motor-neuron 
lesion. 

Examination in 1955, at the age of 37, showed 
no advance in the physical findings. He was still 
working full time. 


t Sjovall,17 p. 90, K. G. M. 
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Case 10 (Pedigree V).—The patient, a 47-year- 
old unmarried man, who managed telephone and 
desk work, was seen at Serafimerlasarettet in 1955. 
He was the brother of Cases 9 and 11. 

According to his mother, he had never walked 
as well as the other children. He was first seen by a 
doctor at the age of 3 years. The patient himself 
first noticed difficulty in walking at the age of 14. 
There was slow, steady progression of the symp- 
toms. By the age of 21 he had to be carried up and 
down stairs. At the age of 30 he had to be assisted 
into his shirt, and from about the age of 35 he 
had not been able to stand or to dress himself. 

On examination in 1955 he was noted to be able 
to sit up unaided and to write without fatigue. He 
could feed himself, provided the food was cut up. 
There were severe muscular wasting and weakness 
of all four extremities, most marked in the proximal 
groups. A few fasciculations were observed in the 
arms. Sensibility was intact. All muscle reflexes 
were lost. The electromyogram was typical of 
lower-motor-neuron lesion. 

Case 11 (Pedigree V).—The patient was a 57- 
year-old spinster, the local editor of a provincial 
newspaper, who was seen at her home in 1955. She 
was the sister of Cases 9 and 10. She complained 
of moderate weakness of the arms and thighs. Her 
general health was rather poor. 

The disease appears to have started at the age 
of 17, when she noticed that she could no longer 
run up a flight of stairs. The symptoms had slowly 
advanced. 

Examination revealed hypertrophy of the calf 
muscles. There were moderate to fairly severe 
weakness and wasting of the proximal limb mus- 
cles and widespread fasciculations. Sensibility was 
unimpaired. All muscle reflexes were lost. 

12 (Pedigree VI).—The patient, a 24-year- 
old unmarried man, was first seen at Sahlgrenska 
Sjukhuset in 1954 with the complaint of severe 
weakness of the limbs. No other: members of the 
family were affected. His parents were not related 
but came from the same parish. 

The onset occurred at the age of 14, with weak- 
ness of the legs. At 17 he was hospitalized under 
the diagnosis of muscular dystrophy. At 19 weak- 
ness developed in the arms, and three years later, 
in the hands. He had noticed occasional cramps 
in the calf muscles. 

Examination in 1954 revealed fairly severe weak- 
ness of the limbs, especially of the proximal mus- 
cles. He was able to walk fairly well on level 
ground but in climbing stairs had to hold on to 
the banisters. He had great difficulty in rising from 
the sitting position. The muscles of the calves and 
the short extensors of the toes seemed to be hyper- 
trophic. There were fasciculations in the proximal 
limb muscles. Exertion produced cramps in the 
flexors of the thighs. Sensibility was intact. All 


503 


A. M. A. 


muscle reflexes were lost. The abdominal and 
cremasteric reflexes were normal. The plantar 
responses were flexor. There were no mental or 
endocrine disturbances. Sphincter control was un- 
impaired. The electromyogram and muscle biopsy 
findings were typical of lower-motor-neuron lesion. 

Reexamination in 1955, at the age of 25, showed 
no advance in the physical findings. 


RESULTS OF STUDY 


The 12 subjects in the present series 
ranged in age from 12 to 57 years. The 
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There was no direct transmission from 
parent to child. (The clinical picture of 
polyneuritis presented in later life by the 
father of the subjects in Pedigree IV prob- 
ably had no connection with the disease 
described here.) 

Since more than one member was affected 
in most of the pedigrees, the disease is ap- 
parently hereditary. The absence of direct 
transmission favors a recessive form of in- 
heritance. The two sporadic cases are not 
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Fig. 1.—Pedigree charts. 


duration of their symptoms at the time of 
examination varied between 9 and 40 years. 
They presented different stages of a well- 
defined clinical disease entity, the features 
of which will now be described. 

Heredity—The 12 subjects belonged to 
8 sibships in 6 pedigrees (Fig. 1). In one 
pedigree the disease occurred in three sib- 
ships in two successive generations; in the 
others, in only one sibship. In two pedigrees 
there was only one affected member. 
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evidence against this concept, especially 
since they occurred in families with only 
two children. 

Eight of the subjects were male and four 
were female. In Pedigree II, where the dis- 
ease occurred in three sibships, both sexes 
were affected; in one case the disease was 
apparently transmitted through a father to 
his son, and in another, through a mother 
to her daughter. This would seem to argue 
against a sex-linked inheritance. 
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Parental consanguinity (first cousins) oc- 
curred only in Pedigree II. There were no 
twins. 

Age of Onset.—This varied from 2 to 17 
years, with a mean of 9 years. The range 
was of the same order of magnitude within 
a single pedigree (II) or sibship (Pedi- 
gree V). 


In most cases weakness did not appear 
in the arms until several years after its 
onset in the legs, and was then most marked 
in raising of the arms. Weakness of the 
hands developed much later. 


The muscles of the cranial innervation 
were unimpaired except for fasciculations 
and slight weakness of the sternocleido- 


Symptoms.—The subjects had developed 
normally during their first years of life. 
The first symptom was unsteadiness of the 
legs. The child fell easily and had difficulty 
in getting up from the ground or from a 
squatting position. He could no longer run, 
jump, or climb stairs like the other children. 
The weakness of the legs gradually in- 
creased, resulting in difficulty in rising from 
a chair and going up a flight of stairs. 


Fig. 2 (Case 7).—Patient at the age of 21, showing, left, 
muscular atrophy, predominantly in the thighs; right, severer 
involvement of the flexors than of the extensors on the forearm. 


mastoids. Sphincter control was normal. 
Sensibility was intact. A few subjects re- 
ported cramps in the limb muscles, and some 
noticed fasciculations. 


Atrophy.—This was usually observed first 
in the quadriceps muscles (Fig. 2). In many 
of the subjects the muscles of the shoulder 
girdle and upper arms were involved in the 
early stages of the disease. Atrophy of the 
forearm muscles developed later and was 
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usually more marked in the flexors than 
in the extensors (Fig. 2). The small muscles 
of the hands seldom exhibited severe atrophy, 
even in the advanced stages. 

The muscles of the lower legs and feet 
were usually the last to become involved 
and were rarely severely atrophied. The 
clinically well-preserved calf muscles often 
appeared hypertrophic in comparison with 
the atrophic thigh muscles. In one subject 
there appeared to be pseudohypertrophy of 
the gluteal muscles. 

Fasciculations —These were usually ob- 
served throughout the course of the disease. 
The neostigmine test (Welander §) was of 
value in intensifying the fasciculations when 
they were difficult to detect. 
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manner of rising from the ground by grasp- 
ing the legs at higher and higher levels was 
adopted only in the later stages of the dis- 
ease. Pes equinus and moderate pes cavus 
were observed. 

Weakness of the trunk muscles developed 
in the later stages, but the ability to sit up 
and to perform trunk movements in the 
sitting position was preserved. Many of the 
subjects had difficulty in lifting the head 
from the pillow, even though the sterno- 
cleidomastoid muscles were of normal size. 
Dorsiflexion of the head was unimpaired. 

The weakness was accompanied by gradual 
diminution and ultimate loss of the muscle 
reflexes, beginning with the knee jerks. The 
ankle jerks were sometimes preserved until 


Fig. 3 (Case 2).—Section of biopsy specimen of quadriceps muscle, showing a bundle ot 


atrophic muscle fibers surrounded by fibers of normal size. 


Hematoxylin-Van Gieson stain: 


left, reduced to 84.5% of mag. 47; right, reduced to 84.5% of mag. x 182. 


IVcakness.—The distribution and degree 
of weakness are shown in the Table. Weak- 
ness was most marked in the muscles of 
the pelvic girdle and thighs, followed by the 
muscles of the shoulder girdle and upper 
arms. The distribution of weakness closely 
resembles that seen in muscular dystrophy 
but differs from that disease in the relatively 
severer involvement of the flexors of the 
forearms than of the extensors. The wad- 
dling gait and winging of the scapulae 
characteristic of muscular dystrophy were 
not observed. The Trendelenburg test was 
not definitely positive. The characteristic 


§ References 22 and 23. 
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late. Extensor plantar responses were not 
observed. 

There was no evidence of cataract or other 
ocular disease. Intelligence was unimpaired. 
There were no endocrine disorders. 

Electromyography. — This examination 
was carried out in nine subjects, in at least 
one in each pedigree. In most of them sev- 
eral affected muscles were examined. The 
electromyographic picture was typical of 
chronic lower-motor-neuron disease ( Kugel- 
berg **). The number of spikes on maximum 
voluntary contraction was reduced in pro- 
portion to the reduction in muscular power ; 
i.e., only one or a few motor unit potentials 


a 

4 

4 


HEREDOFAMILIAL JUVENILE MUSCULAR DYSTROPHY 


were recruited in a severely affected muscle. 
These potentials were larger and of longer 
duration than normal motor unit potentials. 
Spontaneous fibrillations and the sharply 
rising positive potential (Kugelberg and 
Petersén **; Jasper and Ballem") were gen- 
erally absent. 

Biopsy.—Biopsy specimens of the biceps 
brachii, quadriceps, and gastrocnemius 
muscles from five subjects belonging to 
different pedigrees showed changes typical 
of muscular atrophy secondary to degenera- 
tion of the spinal motor neurons (Slauck || ; 
Wohlfart *°; Adams, Denny-Brown, and 
Pearson 

Prognosis. — The disease runs a_ very 
slowly progressive course. Two subjects 
lost the ability to walk at the earliest 8 to 9 
years after the onset of the symptoms, while 
seven could still walk after 20 years or more 
and one after 40 years. The rate of progress 
seen.s to be independent of sex and the age 
of onset. 

All those who were unable to walk could 
sit up on a chair, with the exception of one, 
who had had a stroke. All except this subject 
could feed themselves, and most of them 
could move from the chair to the bed and 
dress themselves. The muscles of the hands 
remain relatively well preserved for a great 
number of years; two subjects confined to 
a chair were able to earn their living 27 
and 38 years, respectively, after the onset 
of the symptoms, and five of the six mobile 
subjects were doing full-time work after 
20 to 40 years. 

In view of the slow course of the disease 
and the relatively good preservation of the 
hands, vocational training and other forms 
of rehabilitation are of value in these cases, 
especially since intelligence is unimpaired. 


COM MENT 


In each of these subjects the disorder had 
originally been diagnosed as muscular dys- 
trophy. Though the heredofamilial juvenile 
muscular atrophy described here resembles 
muscular dystrophy of the limb-girdle type 


|| References 18 and 19. 


in respect of the age of onset and the dis- 
tribution of the muscular wasting and weak- 
ness, the occurrence of fasciculations and 
the electromyographic and muscle biopsy 
evidence of lower-motor-neuron damage 
show that the muscular disorder was second- 
ary to a lesion of the spinal motor neuron. 
Signs of pyramidal tract involvement, charac- 
teristic of amyotrophic lateral sclerosis, were 
not present. 

Single cases clinically resembling ours 
have been reported under headings such 
as progressive muscular dystrophy (Spill- 
man and Haushalter,?° 1890; Waterman,”* 
1923, and others), progressive muscular 
dystrophy with fibrillary twitchings and 
atypical muscle findings ( Wohlfart,** 1942), 
muscular dystrophy with anterior horn 
changes (Ballet and Laignel - Lavastine,® 
1908), and progressive spinal muscular 
atrophy (Kahler,’° 1884; Babonneix and 
Miget,? 1931; Milhorat and Almy,** 1943), 
the last mentioned without heredofamilial 
incidence. 

Reports in the early literature, except 
those of autopsy findings, are difficult to 
evaluate for several reasons, one being the 
less refined methods of examination available 
at the time. Cramer,’ however, as early as 
1895, pointed out that spinal muscular atro- 
phy may clinically simulate muscular dys- 
trophy. Since our preliminary reports { 
(1949, 1952, 1954) similar cases have been 
described by Wohlfart and co-workers * 
(1955) under the same heading. 

The disease must be distinguished from 
the Werdnig-Hoffmann spinal muscular 
atrophy of early childhood. Brandt,# in his 
comprehensive studies, states that the dis- 
tinctive features of the latter disease include 
onset before the age of 3 years (before the 
age of 1 year in 87% of the cases), rapid 
wasting of the affected muscles, severe con- 
tractures, and death before the age of 20 
in almost all cases. This is in agreement with 


{ Reference 12; preliminary report, 12th Con- 
gress of Scandinavian Neurologists, Oslo, Sept. 12, 
1952; preliminary report, Deutsche Ztschr. Ner- 
venh. 173:480-481, 1955. 

# References 5 and 6. 
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current textbooks of neurology. The disease 
described here differs from the Werdnig- 
Hoffmann type in the higher age of onset, 
average nine years, and the much more 
benign course. 

Ford* has described an additional rare 
juvenile type of spinal muscular atrophy, 
which he considers is more closely related 
to juvenile amyotrophic lateral sclerosis 
than to Werdnig-Hoffmann disease. The dis- 
order is characterized by onset usually be- 
tween the ages of 5 and 15 years, a rapidly 
progressive course, involvement of the bulbar 
muscles, and mental symptoms. 

A slowly progressive late infantile and 
juvenile form of amyotrophic lateral sclerosis 
has been described by Munch-Petersen ™* 
(1931) and Boeters * (1939), among others. 
The former author considers that this dis- 
order should be regarded as a separate dis- 
ease entity because of the early age of onset, 
the common occurrence of mental disorders, 
and the relatively protracted course. The 
present disease differs in the absence of 
signs of pyramidal tract involvement and the 
absence of dysphagia, dysarthria, and mental 
symptoms. 

The adult form of hereditary amyotrophic 
lateral sclerosis has recently been reviewed 
and studied by Kurland and Mulder.'* The 
onset usually begins around 40 years of age 
and terminates in death, usually in about 
three years. These authors state that in most 
of the pedigrees clinical pictures consistent 
with the diagnosis of progressive muscular 
atrophy, progressive bulbar palsy, or amyo- 
trophic lateral sclerosis were found in mem- 
bers of the same family. Heredity appears 
to be by a dominant form. Again, our disease 
differs in the earlier age of onset, the much 
slower course, the absence of bulbar and 
pyramidal tract symptoms, and the recessive 
form of inheritance. 


The fact that a not negligible number of 
cases diagnosed as muscular dystrophy are 
in reality instances of muscular atrophy of 
the type described here might well influ- 
ence the results of studies on muscular dys- 
trophy with respect to therapy, heredity, 
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and the physiology and chemistry of the 
affected muscles. 


SUMMARY 

A juvenile form of progressive spinal mus- 
cular atrophy with hereditary and familial 
tendencies is defined on the basis of 12 cases. 
In each case the disorder was originally 
diagnosed as muscular dystrophy. 

The disease appears to be inherited as a 
non-sex-linked recessive. 

The onset occurs between the ages of 2 
and 17 years, average 9 years, with atrophy 
and weakness of the proximal limb muscles, 
primarily in the legs, followed later by in- 
volvement of the distal muscles. The course 
is slowly progressive. 

The prognosis with respect to duration 
of life and working capacity is fairly good. 
In this series the ability to walk was lost 
at the earliest eight to nine years after the 
onset of symptoms. Seven subjects were able 
to walk 20 years or more after the onset, 
and one after 40 years. The ability to sit up 
was preserved. 

The disease resembles muscular dystrophy 
of the limb-girdle type in respect to the age 
of onset and distribution of muscular atrophy 
and weakness but differs in the occurrence 
of fasciculations and the electromyographic 
and muscle biopsy evidence of lower-motor- 
neuron lesion. 
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Comparison of Chlorpromazine a Reserpine 
in of Schizophrenia 


A Study of Four Hundred Cases 
ALBERT A. KURLAND, M.D., Baltimore 


INTRODUCTION 


In the few years since the introduction 
of chlorpromazine * and reserpine ¢ in the 
treatment of schizophrenia, there have been 
a great many reports relating to their effec- 
tiveness. A sampling of such reports t con- 
fronts the investigator with a multiplicity of 
rating scales. In an effort to construct some 
base line against which our observations 
and clinical experiences could be compared, 
a series of tables were drawn up from these 
reports dealing with the effect of chlorproma- 
zine and reserpine in schizophrenic patients 
hospitalized six months or longer, who had 
been exposed to treatment for a period of 
three weeks and longer. 


In order to construct Tables 1, 2, and 3 
from the reports utilized, the patients listed 
as discharged or in a state of remission 
were all included in the category of “Marked 
Improvement.” A comparison of Tables 1 
and 2 from the reports surveyed reveals 


Received for publication Nov. 4, 1955. 

Director of Medical Research, Spring Grove 
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* Part of the chlorpromazine used in this study 
was contributed by Smith, Kline & French Labora- 
tories under their trade name of Thorazine. 

+ Part of the reserpine used in the study was 
contributed by the Ciba Pharmaceutical Products, 
Inc., under their trade name of Serpasil. 

t Kinross-Wright, V.: Chlorpromazine in Psy- 
chiatric Treatment, Scientific Exhibit, American 
Psychiatric Association Meeting, May 4-14, 1955, 
Atlantic City, N. J. References 1-16. 
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both drugs as bringing about marked im- 
provement in the same ranges. For reserpine 
the reports range from 17% to 36%, and 
for chlorpromazine, from 12% to 22%. 

\Vhen an effort was made to investigate 
the results in the treatment of comparative 
series of cases at the same hospital by the 
same staff, only few reports were available 
that could be evaluated by the schemata as 
outlined in Tables 1 and 2. Using these 
reports, Table 3 was constructed, and it was 
seen that the chlorpromazine-treated patients 
had a higher percentage in the “Marked 
Improvement” group, 22% to 35%, in con- 
trast to the reserpine group, with a range 
of only 1% to 7%. To pursue this point 
further, the results of our own series of 
cases is being reported. Finally, Table 5 
reports the comparative experiences of this 
hospital in terms of ultimate disposition of 
chlorpromazine- and reserpine-treated pa- 
tients at this time. 

METHOD 

The patients, all women, constituted a random 
sampling of those undergoing treatment prescribed 
by their respective ward physicians. The cases were 
numbered serially, irrespective of their diagnosis or 
duration of hospitalization, until 200 had been 
chosen for each group. No cases were included in 
the study who had been hospitalized for less than 
six months or who had treatment less than three 
weeks. The great majority of cases in both groups 
were treated for 12 weeks and longer. All the cases 
were followed for at least 12 months. The average 
daily dose of chlorpromazine was from 200 to 400 
mg., and that of reserpine was 3 to 6 mg. 

The reactions to the drugs were evaluated from 
(a) reports of the patient’s ward psychiatrist, (b) 
nursing notes, (c) interviews with nursing personnel 
managing the patients, and (d) interviews with the 
patients. These results were graded as “Marked Im- 
provement” when all of the reports indicated a com- 
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CHLORPROMAZINE AND RESERPINE 
Tasie 1.—Effect of Reserpine on Schizophrenic Reactions 
Marked Moderate Slight 
No.of Improve- Improve- Improve- No Type of Patients 
Investigator Patients ment ment ment Change Worse in Study 
36% 28% 20% 16% Mixed group of sehizo- 
phrenic reactions 
Barsa & Kline '......... 159 22% 40% 24% 14% -- Chronie schizophrenic 
women 
Hollister et al.?*.......... 127 17% 28% 32% 23% a Chronic schizophrenic 


Tas_e 2.—Effect of Chlorpromazine on Schizophrenic 


men except for 5 
women patients 


Reactions 


Marked Moderate 

No.of Improve- Improve- 
Investigator Patients ment ment 
Lebmann & % 22% 10% 
NE 317 12% 10% 
106 18% 40% 
Kurland .. 75 16% 18% 


TasLe 3.—Comparative Studies of Chlorpromazine and Reserpine 


Slight 
Improve- No Type of Patients 
ment Change Worse in Study 
27% 10% — Acute and chronic sebizo- 
phrenia 
45% 33% Acute and chronie schizo- 
phrenia 
6% 16% Chronie schizophrenia 
41% 23% 2% Mixed group of chronic 


schizophrenia 


Marked Moderate’ Slight 
No.of Improve- Improve- Improve- No 
Investigator Drug Patients ment ment ment Change Worse Type of Patient 
Kioross-Wright * Chlorpro 35% 37% 20% 7% -- Undifferentiated 
mazine acute and chronic 
Reserpine 37 7% 22% 410% 30% schizophrenie re- 
actions 
Pollack Chlorpro 22% 211% 17% 39% Undifferentiated 
mazine acute and chronic 
Reserpine 75 1% 11% 10% 78% _ schizophrenie re- 


actions 


TasLe 4.—Comparative Studies of Chlorpromazine and Reserpine 


Marked Moderate Slight 
No.of Improve- Improve- Improve- No 
Investigator Drug Patients ment ment ment Change Worse Type of Patient 
Spring Grove State Chiorpro 200 9% 85% 21% 31% 4% Chronie sehizo- 
Hospital mazine phrenic female 
Reserpine 200 4% 19% 38% 38% 1% patients 


plete reversal of the patient’s attitude and behavior, 
with an increasing participation in ward activities 
and interpersonal relations, and as “Moderate Im- 
provement” when all the reports indicated the pa- 
tient was less disturbed, was more easily managed, 
and could be persuaded to participate in some 
activity. The categories of “Slight Improvement” 
and “No Change” were grouped together because, 
while the patients seemed less disturbed than usual 
to the medical and nursing staff who were thorough- 
ly familiar with the pattern of their behavior, there 
were some differences in the concurrence of opinion. 
The condition was classified as “Worse” when there 


was an intensification of regressive behavior over a 
prolonged period of time and the patient seemed to 
do better when off medication. 


TABLE 


5.—Comparison of Chlorpromasine- and 
Reserpine-Treated Chronic Schizophrenic 
Female Patients in Terms of Their 
Ultimate Disposition 
Chlorpromazine Reserpine 
No. of Patients.......... 264 247 
45 (18.2%) 15 (6.0%) 
Discharged............. 5 ( 1.8%) 1 (04%) 
ee 7 ( 2.6%) 2 (0.8%) 


A. M. A. 


RESULTS 


Table 4 was constructed outlining the 
response to treatment in the chlorpromazine- 
treated group and in the reserpine-treated 
group. It will be observed that the results 
in the “Marked Improvement” group were 
9% for the chlorpromazine-treated patients 
and 4% for the reserpine-treated patients. 


While these results confirmed a tendency, 
reported by the other investigators (Table 
3), to obtain better results with the chlor- 
promazine-treated patients, it also offered an 
opportunity to theorize on the differences 
in the result of a previous study (Kur- 
land **). In this study, the results of which 
are incorporated in Table 2, it is seen that 
there is a higher percentage of patients with 
marked improvement in this group than in 
the comparative study series. 


This discrepancy could partially be ex- 
plained by the fact that the initial screening 
of the chronic hospital population ** for pa- 
tients who displayed the most marked criteria 
for obtaining a good response to chlorproma- 
zine, namely, a combination of symptoms 
expressed by anxiety, tension, agitation, 
apprehension, excitement, aggression, confu- 
sion, delirium, and hostility, left a diminished 
group of chronic patients with such symp- 
tomatology. In addition to this previous 
selection of patients by a single investigator, 
the patients were now being selected by 
several psychiatrists, on different services, 
who were obtaining their initial experiences 
with this type of treatment. 


Other factors are being explored to obtain 
further information as to the clinical dif- 
ferences between chlorpromazine and reser- 
pine and the significance of these differences. 
Some such factors being investigated are 
(a) a comparison of the reactions of patients 
exposed to a course of treatment with each 
drug alternately and (6) the effect of com- 
bined treatment with reserpine and chlor- 
promazine when each has failed to function 
effectively by itself. These studies will be 
reported at a later date. 
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CONCLUSION 


In a comparison of the data reported in 
the literature and in a comparative study of 
200 chronic schizophrenic women patients 
treated with chlorpromazine and 200 chronic 
schizophrenic women patients treated with 
reserpine in the same hospital setting by the 
same personnel, there appeared to be a better 
clinical response with chlorpromazine. 


Dr. Isadore Tuerk, Superintendent of the Spring 
Grove State Hospital, made available the facilities 
for this study; Dr. Glyne T. Williams, Clinical 
Director of the Spring Grove State Hospital, aided 
us in overcoming many administrative difficulties ; 
Mrs. Isabel Schuman, Director of Volunteer Serv- 
ices, provided, through her office, volunteer help in 
dealing with the ever-mounting heaps of data to 
be tabulated and recorded; Mr. A. Klotzman and 
the Friends of Psychiatric Research, Inc., made 
funds available for secretarial assistance; the staff 
of the Spring Grove State Hospital cooperated in 
the study, and Dr. George Sutherland, Director 
of Psychiatric Education and Research of the De- 
partment of Mental Hygiene, State of Maryland, 
gave helpful criticism in the work. 
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P. rtial Trigeminal Rhizotomy 
Ubing Suboccipital Approach 


Experiences in the Treatment of Trigeminal Neuralgia 


EXUM WALKER, M.D. 

FRANKLIN C. MILES, M.D. 

and 

JAMES R. SIMPSON, M.D., Atlanta, Ga. 


The subject of trigeminal neuralgia is here 
considered, along with our attempts to deal 
with its agonizing spasms of pain. Several 
new techniques, as well as some new ap- 
proaches to this problem, have been intro- 
duced in recent years; hence it is well to 
take stock, so to speak, and carefully examine 
and weigh our experiences, sifting from them 
all that may guide us to a safer and more 
effective course for the future. 

The history of trigeminal neuralgia is a 
familiar one and need not be reviewed here. 
I * have been particularly interested in tri- 
geminal rhizotomy using the suboccipital ap- 
proach and have now employed this technique 
for some 15 years. I should like, therefore, to 
report some of our experiences, with a few 
comments on this technique in particular, as 
well as some more general thoughts on the 
whole problem of trigeminal neuralgia. 


My own interest in the suboccipital ap- 
proach for trigeminal rhizotomy came about 
in a search for a technique which did not 
employ the sitting position. Having wit- 
nessed three deaths at the hands of my seniors 
using Frazier’s* subtemporal approach, I 


Received for publication Sept. 19, 1955. 

Presented at the meeting of the American Acad- 
emy of Neurological Surgery, Colorado Springs, 
Colo., Oct. 21, 1954. 

* The first person is used to refer to the senior 
author (E.W.). 
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developed a respectiul fear of the erect posi- 
tion for operations for tic douloureux. | was 
immediately attracted, therefore, to Dandy’s + 
posterior approach to the trigeminal root 
using the horizontal position but was troubled 
by the technical difficulties which I saw him 
encounter in the operating room. To add to 
this, my own first experience using this ap- 
proach was discouragingly long and tedious. 
As a result, I modified and simplified Dandy’s 
technique in 1939 and reported it first to this 
society in 1941 and again in 1948. 


EXPERIENCE WITH TRIGEMINAL RHIZOTOMY 
USING SUBOCCIPITAL APPROACH 


We now have an accumulated experience 
of about 250 cases in which the suboccipital 
approach to the trigeminal nerve was used. 
Records of all cases were not available, but 
histories of 144 private patients were re- 
viewed and follow-up questionnaires sent out. 
Of this number, 77 patients completed and 
returned questionnaires, and of these, 55 re- 
turned for follow-up examination. 

On the basis of information obtained from 
these sources, we have prepared certain 
statistical data and include them here, with 
a reminder of the fallacies inherent in any 
statistical analysis where so much informa- 
tion is subject to the variations of human 
expression, and, again, of interpretation. 

Length of Time Since Operation—The 
average length of time since operation was 
four and a half years. 

Relief of Pain —Of the 77 patients heard 
from, 53 (69%) had had no return of tic 


+ References 1-3. Dandy’s series? includes 250 
cases; no deaths occurred among the last 50. 
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pain. Included in this figure are eight pa- 
tients who, at an average of 15 months after 
surgery, had required reoperation for further 
division of the root. Most of these were 
among the earlier cases, in which sectioning 
a smaller portion of the root was practiced. 
Nine additional patients had had only occa- 
sional twinges of pain, making a total of 
62 (80.5% ) who, for practical purposes, had 
remained pain-free. The remaining 15 pa- 
tients (19.5%) had had varying degrees 
of return of pain. In none of these, however, 
had the pain been of the original intensity, 
nor had it been sufficient to require further 
division of the root. 

Sensory Loss.—Tables 1 and 2 summarize 
the status of subjective numbness following 
surgery. If we delete cases in which numb- 
ness existed prior to surgery, the result is 
as shown in Table 2. Table 3 shows the 
distribution of residual numbness by root 
division sectioned. 


Upon examination, it was found that in 
some instances the residual sensory loss was 
only partial, so that useful sensation was 
preserved. In most of the cases in which 
sensation was impaired, the patients re- 
sponded to pinprick everywhere and were 
able to identify and localize light touch. 


Taste 1—Numbness Following Partial Trigeminal 


Sensory Status Following No. of 
Surgery Patients Percentage 
Unaware of numbness............. 2 31.2 
Aware of numbness but this not 
Objectionable 37 48.0 
Aware of objectionable numbness 13 16.9 
Aware of objectionable numbness 
resulting from aleohol injec- 
tion prior to surgery........... 3 3.9 
77 100.0 


Taste 2.—Incidence of Postoperative Numbness in 


Sensory Status Following No. of 
Surgery Patients Percentage 
Unaware of any objectionable 
Aware of objectionable numbness 13 17.6 
74 100.0 


Taste 3.—Residual Numbness According to Root 
Division Sectioned 


No. 

Distribution of Numbness Percentage 
24 31.2 
First division 0 0 
Second division only.........se«s 8 10.4 
Third division only................ 22 28.5 
Second and third divisions........ 12 15.6 

77 100.0 


TABLE 4.—Status of Corneal Reflex After Section 


No. of 
Corneal Reflexes Patients Percentage 
84.9 
Slightly diminished................. 13 24.5 | 
Moderately diminished............. 2 3.8 
53 100.0 


In 45 (85%) of the 53 patients examined, 
the corneal reflex was found to be unimpaired 
or only slightly diminished. Neither post- 
operative corneal herpes nor corneal ulcera- 
tion occurred in any of the patients, so far 
as we have been able to ascertain. No post- 
operative precautions were taken, such as 
shielding the eye or suturing the lids. Because 
the greater superficial petrosal nerve is not 
damaged in the posterior approach, as it often 
is in the extradural subtemporal technique, 
no drying of the eye occurs. This probably 
accounts for the lack of any keratitis in our 
cases, even when the corneal reflex has been 
abolished. This in itself is an important 
practical advantage of the posterior fossa 
technique. 

Burning Pain or Paresthesias——We were 
surprised to learn, upon questioning, that 
27.3% of the patients admitted residual 
burning paresthesias of the face. Only 2 of 
the 144 patients had complained to us of 
this complication previous to our question- 
naire. In none, however, does it appear to 
have been the distressing problem that we 
have seen following total section of the 
posterior root. We assume that this symptom 
must have been much less distressing than 
the original tic paroxysms, as only two pa- 
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tients returned seeking relief. Table 5 indi- 
cates the incidence of residual paresthesias. 

It is our impression that the likelihood 
of paresthesias is directly proportional to 
the extent of residual sensory loss; that is, 
the greater the residual loss, the greater 
the likelihood of paresthesias. In this con- 
nection, may I comment that I have, for 
some years, been impressed with the similar- 
ity between the burning paresthesias which 
may follow trigeminal rhizotomy and the 
distressing pain which sometimes follows 
amputation of an extremity? Denervation 
is the salient feature of both, and it may 
be that this loss of the normal afferent im- 
pulses from the periphery is the essential 
factor in the disturbed neural function which 
sometimes results in such distressing pain. It 
has occurred to me that sensory cortical abla- 


TasLe 5.—Incidence of Residual Paresthesias 


No.0 
Residual Burning Paresthesias Patients Percentage 
72.7 


104 
6 7.8 27.3 
7 9.1 


tion might abolish the pain of burning pares- 
thesias of the face, as it sometimes does in 
cases of phantom limb pain. I shall go further 
and speculate that cortical ablation of the sen- 
sory face area might control the pain of tic 
douloureux. 


Impairment of Trigeminal Motor Root or 
Other Cranial Nerves.—In no case was there 
any impairment of function of the trigeminal 
motor root, nor have we encountered any 
facial weakness or involvement of any other 
cranial nerves following surgery. In our 
early experiences we were constantly fear- 
ful of damage to the seventh nerve; but 
since that has not occurred to date, we now 
feel that it is not likely, provided reasonable 
caution is exercised. 

Rhinorrhea.—In three of the earlier cases 
rhinorrhea developed after surgery and re- 
quired secondary repair. We learned that 
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this was a result of fluid leaking through 
the mastoid cells into the middle ear and 
Eustachian tube ; and since we have enlarged 
our technique to include the careful plugging 
of any opened mastoid cells with bone 
wax, there have been no recurrences of this 
complication. 

Wound Infections and Meningitis —There 
have been no infections or other significant 
complications of wound healing, except men- 
ingitis, which occurred in one fatal case. 

Mortality—-We have had 5 fatalities in 
an estimated 250 cases. 

The first was that of an 86-year-old 
woman who made an uneventful recovery 
from surgery, became ambulatory, but re- 
fused to leave the hospital and announced an 
intention to die. Despite our best efforts, 
she accomplished this 22 days later by will- 
ful refusal of foods and medication. 

The second case (age 89) responded and 
talked after surgery, but, following a tran- 
sient drop in blood pressure, became comatose 
and died the next day. 


In the third case (age 70) evidence of 
circulatory failure appeared on the third post- 
operative day and progressed until death, 
on the sixth day. 

In the fourth case (age 75) postoperative 
hemorrhage in the cerebellopontine angle 
occurred. Despite prompt recognition and 
removal, death ensued two days later. 

In the fifth case (age 76) the patient 
developed staphylococcic meningitis. Al- 
though chemotherapy was employed, the 
patient died on the ninth day following 
surgery. 


COMPARISON OF SUBTEMPORAL AND 
SUBOCCIPITAL RHIZOTOMY 


Postoperative Complications.—Schneider ° 
has completed a follow-up study begun by 
Peet of 533 cases in which operation was 
performed by the subtemporal approach. 
Using statistics which he has compiled, we 
have attempted in Table 6 a rough com- 
parison of postoperative complications with 
the subtemporal and the suboccipital ap- 
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proaches, keeping in mind again the inac- 
curacies inherent in any such comparison. 

Sensory Loss.—It will be recalled that 
Dandy originally pointed to the relative 
preservation of sensation offered by partial 
trigeminal rhizotomy at the pons as com- 
pared with that following section at the 
ganglion. This was one of the factors in- 
volved in my initial interest in the suboc- 
cipital approach, and our results in these 
cases certainly leave no doubt as to the 
striking difference in the preservation of 
sensation following the use of the two tech- 
niques. The explanation for this marked 
difference probably lies in the rearrangement 


TABLE 6.—Complications Following Suboccipital 
and Subtemporal Rhizotomy 


Sub- 
Sub- temporal 
occipital Rhi- 
Rhi- zotomy 
zotomy (533 
(250 Cases, 
Cases), Peet), 
Postoperative Complications % % 
0.0 15.1 
Trigeminal motor palsy.............. 0:0 ? 
Sixth nerve palsy....... 0.0 04 
Seventh nerve 0.0 6.5 
Wound separation or infection...... 0.0 11 
Postoperntive hemorrhage............ 04 
1.2 
Residual burning pain................ 27.3* 30.4 


Reeurrence of tic pain................ 19.9" 141 


* Based on 77 cases. 


of nerve fibers as they traverse the root 
toward the pons, so that partial section at 
the pons may divide some of the fibers from 
all divisions but not all the fibers from any 
one division. Also, as Dandy pointed out, 
some sensory fibers may join the motor root 
to enter the pons and therefore escape divi- 
sion. We had long been accustomed to divid- 
ing the caudal portion of the root at the pons, 
and this method has proved to be effective 
even for first-division pain. When we had 
occasion to test the effect of section of the 
upper, or cephalic, portion, we learned that 
this procedure does not, as a rule, abolish 
the corneal reflex, as we had feared, though 
it may diminish it. Our experiences indicate 


that the pain will probably be relieved by 
division of either the upper or the lower part 
of the root regardless of the location of the 
pain, though the particular pattern of result- 
ing sensory diminution will vary somewhat. 

In the typical case in which the caudal por- 
tion of the nerve is divided, the resulting 
diminution of sensation is usually greatest in 
the third division, particularly in the tongue 
and lip, though it may be greatest in the sec- 
ond division. It is always least in the first 
division. The corneal reflex is usually pre- 
served, though it may be diminished if the 
section is extensive. From one- to two-thirds 
of the nerve, or more, may be divided, de- 
pending upon the indications. We have been 
more radical in cases involving elderly and 
poor-risk patients and in patients who wish 
to be more certain that the pain will be re- 
lieved, even at the expense of a greater sen- 
sory loss. When the upper portion of the root 
is divided, the area of greatest sensory 
loss is often lateral to and above the 
angle of the mouth. There is surprisingly 
little loss in the first division, though it is 
greater than when the caudal portion is 
divided. 

Wide variations in sensory loss may be 
expected from case to case. For instance, 
where two-thirds of the root—as accurately 
as can be estimated—has been divided, the 
effect may vary from fairly extensive numb- 
ness to scarcely detectable sensory impair- 
ment. The Figure indicates the approximate 
results of various sections at the pons with 
comparison of the effects of similar sections 
at the ganglion. 

We have divided the cephalic portion of 
the root in only a few cases, but these ex- 
periences suggest that the disability is less 
than in instances in which the caudal portion 
is divided. The sensory loss about the lips 
and within the mouth appears to be less and, 
therefore, disturbs oral function less. The 
corneal reflex may be diminished, but this 
appears to do no harm. In some cases it may 
be difficult to decide which part of the root 
to cut. Since I have learned that the cephalic 
part may be cut with so little disability, I am 
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Comparison of approximate sensory loss resulting from various sections at the pons with 


similar sections at the ganglion. 


inclined to divide this part of the root in all 
cases except those in which third-division 
pain occurs. I would divide the caudal part 
in all cases with third-division pain, whether 
alone or in combination with pain in other 
divisions. 
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CONTROL OF PAIN IN BILATERAL TIC 
DOULOUREUX 


Since useful sensation is usually preserved 
following partial rhizotomy at the pons, and 
since the function of the motor root is not 
impaired, this technique is particularly suited 
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to patients with bilateral pain. In such pa- 
tients it has been our custom to do minimal 
rhizotomies in order to preserve as much 
function as possible, although in doing so we 
accept a greater risk of recurrence. Handled 
in this manner, the pain has not been difficult 
to control and we have had no disabling 
complications. 


A 40-year-old patient had the caudal half 
of his left trigeminal root divided at the pons 
for second- and third-division pain. This sec- 
tion abolished the pain on the left side but 
left minimal numbness about the lips and 
lower jaw. He returned five years later with 
paroxysms of pain in the second division on 
the right side. We then divided the cephalic 
half of the right trigeminal root at the pons, 
controlling his pain and leaving minimal sen- 
sory impairment over the center of the cheek. 
Both corneal reflexes were preserved and he 
has no difficulty in eating. Alternating the 
portions of the roots divided, in this way, 
prevented any symmetrical loss of function. 


TECH NIQUE 

The details of the surgical technique which we 
employ in suboccipital rhizotomy were published in 
1948.8 Briefly, the patient is placed on his side with 
the head moderately elevated and the posterior fossa 
exposed laterally through a small cranial opening. 
Cerebrospinal fluid is removed by lumbar puncture, 
allowing the cerebellum to fall away from 
the petrous ridge and exposing the lateral recess. 
The trigeminal root can be clearly visualized be- 
tween the acoustic nerve and the petrosal vein and 
is partially divided at the pons. 

Since we have found that posture and anesthesia 
are important to the success of this technique, the 
following comments are added: 

Posture—There are many reports of fatalities 
following surgical procedures done with the patient 
in the sitting position. Death in these cases is due, 
presumably, to postural hypotension, with resulting 
cerebral anoxia, or to the occurrence of air embo- 
lism from the insufflation of air when the venous 
pressure attains a negative value. It is my feeling 
that not enough emphasis has been given to this 
danger. Many neurosurgeons, having had one or 
more fatalities, have given up the use of sitting pos- 
ture for any surgical procedure. There are some 
however, who still feel that with precautions, such as 
elevation of the legs and compression wrapping of 
the legs and abdomen, the risks are minimal. I 
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believe that many of these surgeons, too, will come 
ultimately to regard the upright position as poten- 
tially too dangerous for routine use. 

In our technique, the head is elevated sufficiently 
to attain a diminished venous pressure but not 
enough to risk air embolism. Also, any postural 
hypotension can be quickly corrected by leveling 
the table, thus avoiding any cerebral anoxia from 
this cause. 

Anesthesia.—Because many patients with tic dou- 
loureux are poor surgical risks, the choice of anes- 
thesia should be made with care. We consider the 
use of local anesthesia more hazardous than expertly 
administered general anesthesia because of the effects 
of fear and pain. A method of anesthesia has been 
introduced to us by Rumble | which appears to be 
particularly well suited to tic operations, as well 
as other neurosurgical procedures. This method 
offers complete relaxation of the patient, although 
anesthesia is light and recovery almost immediate. 
It also ensures adequate oxygenation and maintains 
stability of the circulation. Anesthesia is induced 
by a minimal dosage of thiamylal (Surital) sodium 
or thiopental (Pentothal) sodium and intubation 
performed. Throughout the surgical procedure total 
paralysis and apnea are sustained by the continuous 
infusion of succinylcholine U. S. P. (Anectine). 
Ventilation is artificially maintained by bag breath- 
ing, using a mixture of 75% nitrous oxide and 25% 
oxygen. Complete immobility is assured by the 
succinylcholine, so that coughing, straining, or vom- 
iting is impossible, and light anesthesia is main- 
tained by the nitrous oxide. When properly ad- 
ministered, the patient may be anesthetized for 
hours; yet, since the drugs used are quickly elimi- 
nated, he may be resuscitated and talking as the 
dressing is being applied. We consider this method 
a noteworthy advance in anesthesia, and the practi- 
cal advantages during surgery are easily apparent. 


TRIGEMINAL NEURALGIA ASSOCIATED 
WITH TUMORS 


In only three instances (about 1.2%) did 
we encounter tumors in the cerebellopontine 
angle in the absence of neurological findings. 
In all other instances of tumor in the middle 
or posterior fossa with associated tic parox- 
ysms or trigeminal pain, there were neuro- 
logical findings which led to the correct diag- 
nosis prior to surgery. 


t Rumble, L., Jr.; Gholson, A. H., and Peters, 
M. F.: Controlled Apnea with Succinylcholine: A 
Report of 2999 Cases, presented at the meeting of 
Southern Society of Anesthesiology, Miami Beach, 
Fla., April 23, 1954; submitted for publication. 
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EXPERIENCES WITH ALCOHOL INJECTION 


In the early years of our experience, pa- 
tients were subjected to alcohol injection at 
least once before surgery was considered. 
Poor-risk patients were never operated upon 
if the pain could be reasonably controlled by 
injections. The occurrence of serious com- 
plications during alcohol injection in three 
instances was sufficient to deter me from any 
further injections except in carefully con- 
sidered circumstances. The first of these 
complications was syncope, followed by a 
generalized convulsion and prolonged un- 
consciousness ; the second, a coronary occlu- 
sion, and the third, a cerebral vascular acci- 
dent with a residual hemiplegia. After these 
experiences, I concluded that the stress of 
fear and pain associated with alcohol injec- 
tion sometimes subjected the circulation to 
more serious alterations than did surgical 
division of the root, provided certain factors 
relating to the surgical technique, the anes- 
thesia, and the support of the circulation were 
expertly controlled. Thus, in general, during 
the last 15 years we have adopted the policy 
of subjecting most of our patients to surgery, 
regardless of age or condition. 


From our follow-up interviews, we gained 
the general impression that the patients who 
had had alcohol injection or peripheral avul- 
sion prior to surgery had a higher incidence 
of residual numbness, paresthesias, and burn- 
ing pain. 


ETIOLOGY AND BASIC PRINCIPLES OF 
CONTROLLING PAINFUL PAROXYSMS 


The cause of the pain in tic douloureux re- 
mains a mystery. In only a very small per- 
centage of cases are tumors encountered and 
presumed to be the source of the painful at- 
tacks. We have many times seen the tri- 
geminal root eroded by an arterial loop, as 
described by Dandy, and feel that this may 
well be the causative lesion in these cases. 
We have seen trigeminal neuralgia following 
dental infections, extraction of teeth, or 
sinus operations all too often to dismiss this 
relationship as merely coincidental. Typical 
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paroxysms of tic douloureux and sensory 
impairment in the trigeminal distribution 
have followed trauma. It seems probable, 
then, that there are many different lesions 
which may disturb the trigeminal pathways 
in such a manner that afferent stimulations 
set off paroxysms of painful impulses. 


Whatever the cause, the basic factor of 
any effective treatment appears to be the 
blocking, by any agent, of a sufficient number 
of afferent neurons that peripheral stimuli 
are no longer adequate to initiate the painful 
paroxysms. Most of the effective methods of 
treatment appear to be based on this premise. 


Taarnhoj’s* theory of pain as a result of 
compression of the root by the overlying 
dural covering does not appear to be logical 
to me. Further, damage of the root or gan- 
glion seems a likely possibility in the execu- 
tion of his decompression technique, and it 
well may be that the trauma to these struc- 
tures accounts for the relief of pain which 
usually follows. His technique seems to be 
a useful one, although I doubt that it is neces- 
sary to cut through the dural sinus, provided 
the ganglion or root is sufficiently contused. 
I have speculated that pain recurrences will 
follow the use of this technique, for in some 
cases the number of neurons damaged will 
be insufficient to provide lasting relief. The 
same reasoning may be applied to Stender’s ° 
gangliolysis and to infusions of stilbamidine. 


It is not necessary to block or divide all of 
the neurons, as has been amply shown. The 
percentage of afferent neuron destruction 
necessary for relief of pain probably varies 
widely from one patient to another and, as 
far as I know, cannot be predetermined. One 
may accept the general premise, however, 
that there is a direct positive ratio between 
the degree of destruction of the afferent path- 
ways and the expectancy of relief from pain. 
The ideal treatment would seem, then, to be 
a technique with which the therapist is able 
to damage a sufficient number of ganglion 
cells or root fibers to control pain and, at the 
same time, restrict loss of function and risk 
to the patient’s life to a minimum. 
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Similar Reactions in the Same Patients 


RUPRECHT H. MAY, M.D. 
and 
GEORGE E. VOEGELE, M.D., Columbus, Ohio 


Chlorpromazine and reserpine, in the large 
doses used in the treatment of psychiatric 
patients, produce striking side-effects in a 
fairly large percentage of patients. One of 
these reactions found after chlorpromazine 
as well as after reserpine medication is a 
Parkinsonian syndrome. Its occurrence seems 
to be related to dosage and the duration of 
medication and is reported in about 10% of 
the patients after chlorpromazine administra- 
tion. The incidence reported in the literature 
extends from no cases to the statement that 
“all patients who are on large doses of thora- 
zine ® for any length of time show some signs 
of basal ganglion dysfunction.” * We found 
that the incidence of 9.3% reported by Frey- 
han,“ with 5.1% requiring termination of 
the treatment and 4.2% not requiring ter- 
mination, is a figure corresponding to our 
own observations. 

Parkinsonian reactions during reserpine 
medication were noted by others—for ex- 
ample, by Kline and Stanley ? in 5% of their 
cases ; in 7 out of 101 patients by Tourney 
and associates *; in 12 out of 19 patients by 
Richman and Tyhurst,* and in 60% by Hiob 
and Hippius.® 

Treating patients with a combination of 
chlorpromazine and reserpine (or Rauwolfia 
serpentina, whole root) Eiber® found no 

Submitted for publication Jan. 5, 1956. 

From the Department of Psychiatry, Ohio State 
University College of Medicine, Columbus Receiv- 
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significant side-effects; Barsa and Kline’ 
described a typical picture of Parkinsonism 
in 13 patients out of 150 receiving the com- 
bined therapy. Fligel*® stated that Parkin- 
sonian pictures almost always appear in the 
combined therapy, particularly when chlor- 
promazine is given alone at first and then 
later reserpine is added. 


We could find no reports in the literature 
in which this reaction was observed in the 
same patients who were given these drugs 
at different times. 


Because the mode of action of either drug 
is not yet sufficiently clear, we wish to report 
four cases in which Parkinsonian reactions 
appeared during chlorpromazine and sepa- 
rately during reserpine medication in the 
same patients. 


Case 1—A 36-year-old white married woman 
was admitted to the Columbus Receiving Hospital 
with the diagnosis of manic-depressive reaction, 
manic type, on March 30, 1955. She received reser- 
pine medication in increasing doses starting April 1. 
After a total dose of 59.1 mg. during the period 
from April 1 to 11, the first signs of difficulty in 
speech, gait, and posture were observed on April 
12. She received an additional 25 mg. of reserpine 
before April 15. During this period she showed an 
unintentional pill-rolling tremor, waxen facies, loss 
of practically all associated movements, a shuffling 
gait of a cogwheel type, and a monotonous voice, 
with saliva drooling from her mouth. She became 
unable to eat and had to be assisted in daily activi- 
ties. She felt weak and apathetic. When reserpine 
was discontinued, she recovered quickly and com- 
pletely from these effects within two days and 
showed most of her previous restless behavior 
again. On April 19, chlorpromazine medication 
was begun. The same symptoms as previously 
described appeared again, and on April 22, after 
having received 750 mg. of chlorpromazine in 
increasing doses, she exhibited a full-blown picture 
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CHLORPROMAZINE AND RESERPINE—REACTIONS 


of Parkinsonian symptoms again, with tremor, 
slurred speech, difficulty in swallowing, etc. After a 
total dese of 1425 mg. of chlorpromazine this medi- 
cation was discontinued, on April 25, and within 
three days none of the side-effects could be noted. 

Case 2.—A 34-year-old divorced white woman 
was admitted with the diagnosis of schizophrenic 
reaction, paranoid type. She received chlorprom- 
azine medication totaling 28.875 gm. during the 
period from Aug. 24 to Oct. 5, 1955, the highest 
daily dose being 800 mg. During the last three 
days of therapy, the patient showed a mask-like 
face, a rigid, shuffling gait, and increased saliva- 
tion. Within two days after discontinuation of 
chlorpromazine therapy all these signs disappeared. 
They reappeared during the following reserpine 
medication, which was begun Oct. 7, 1955, after 
a total of 36 mg. was given in increasing doses 
over eight days, and disappeared again within two 
days after the drug was discontinued. 

Case 3.—A 44-year-old white divorced woman 
was suffering from a schizophrenic reaction, para- 
noid type. The Parkinsonian picture, less severe 
than in the two previously mentioned cases, de- 
veloped after six days, a total of 1050 mg. of 
chlorpromazine having been administered in increas- 
ing doses. These symptoms disappeared quickly 
when the medication was discontinued after 16 
more days, as did an eczematous rash which had 
existed during the same period. The extrapyramidal 
disturbance was observed once again after 6 days 
of reserpine medication (33 mg.) following im- 
mediately upon the chlorpromazine medication and 
persisted through 34 days of therapy (194 mg.), to 
disappear with the decrease of this medication to 
2 mg. per day. 

Case 4—A 38-year-old white married woman 
suffered from a schizophrenic reaction, paranoid 
type. She was treated for the last eight days prior 
to admission with chlorpromazine on an unknown 
dosage schedule, and this medication was continued 
after admission here. She already showed at ad- 
mission a slight extrapyramidal dysfunction. Chlor- 
promazine medication was discontinued on the first 
day because she developed a febrile reaction, and 
the Parkinsonian syndrome disappeared completely. 
After a Parkinson-free interval of 22 days, the 
patient was placed on reserpine medication. She 
developed again a rather typical Parkinsonian 
picture after 48 days of reserpine medication (total, 
270 mg.) which disappeared as soon as the medica- 
tion was discontinued. 


Many authors have reported that the Par- 
kinsonian syndrome can be produced in a 


certain percentage of patients by large dosage 
and continued administration of chlorproma- 


zine or reserpine or combinations of the two. 
These observations and those described 
above, in which the syndrome appeared dur- 
ing chlorpromazine medication alone and also 
after reserpine administration alone in the 
same persons, suggest that there are at least 
one or more identical areas in the central 
nervous system which are involved in the 
classical Parkinsonian reactions and which 
are affected by direct or referred action of 
either drug. A number of possible hypoth- 
eses offer themselves, but no confirmation 
is at hand. The drug-induced Parkinsonian 
reaction seems to be physiologic and always 
reversible and to be a function of total dosage 
rather than a toxic symptom. It may well 
be a specific type of reaction of the regula- 
tory mechanism of the central nervous system 
and may be therapeutically valuable.* It is 
of interest to note in regard to this that 
Steck ® made the observation that some pa- 
tients with chronic schizophrenia improved 
after encephalitis and the development of a 
Parkinsonian syndrome. 


SUMMARY 


Four cases are reported in which a Park- 
insonian syndrome developed during chlor- 
promazine administration and also under 
reserpine medication, each drug given singly. 
The hypothesis is offered that one or more 
identical areas in the central nervous system 
are affected by direct or referred action of 
either drug. 

REFERENCES 

1. Brooks, G. W., in Chlorpromazine and Mental 
Health: Proceedings of the Symposium Held Under 
the Auspices of Smith, Kline & French Labora- 
tories, June 6, 1955, Philadelphia, Lea & Febiger, 
1955, p. 51. 

la. Freyhan, F. A., in Chlorpromazine and 
Mental Health: Proceedings of the Symposium 
Held Under the Auspices of Smith, Kline & French 
Laboratories, June 6, 1955, Philadelphia, Lea & 
Febiger, 1955, p. 78. 

2. Kline, N. S., and Stanley, A. M.: Use of 
Reserpine in a Neuropsychiatric Hospital, Ann. 
New York Acad. Sc. 61:85-91, 1955. 

3. Tourney, G.; Isberg, E. M., and Gottlieb, 
J. S.: The Use of Reserpine in an Acute Psy- 
chiatric Setting, A. M. A. Arch. Neurol. & Psy- 
chiat. 74:325-329, 1955. 


523 


4. M. A. 


4. Richman, A., and Tyhurst, J. S.: An Extra- 
pyramidal Syndrome with Reserpine, Canad. M. 
A. J. 72:457-458, 1955. 

5. Hiob, J., and Hippius, H.: Klinische Erfah- 
rungen mit dem Rauwolfia-Alkaloid Reserpin in 
der Psychiatrie, Deutsche med. Wehnschr. 80: 
1497-1500, 1955. 

6. Eiber, H. B.: Chlorpromazine (Thorazine)- 
Rauwolfia Combination in Neuropsychiatry: Pre- 
liminary Report, A. M. A. Arch. Neurol. & Psy- 
chiat. 74: 36-39, 1955. 


ARCHIVES OF 


NEUROLOGY AND PSYCHIATRY 

7. Barsa, J. A., and Kline, N. S.: Combined 
Reserpine-Chlorpromazine in Treatment of Dis- 
turbed Psychotics, A. M. A. Arch. Neurol. & 
Psychiat. 74:280-286, 1955. 


8. Fliigel, F.: Uber medikamentés erzeugte 
Parkinsonahnliche Zustandsbilder, Med. Klin. 50: 
634-635, 1955. 

9. Steck, H.: Le Syndrome extrapyramidal et 
diencéphalique au cours des traitements au largactil 


et au serpasil, Ann. méd.-psychol., Paris 112:737- 
744, 1955. 


| 
“| 524 


Sealy Electroencephalogram 
During the Effect of Reserpine 


ALEJANDRO P. ARELLANO Z., M.D. 
and 


RAUL JERI V., M.D., Lima, Peru 


INTRODUCTION 

Since the isolation of reserpine as the main 
active alkaloid of Rauwolfia serpentina by 
Schlittler, Bein, and Muller,’ researches have 
been carried out more intensively on the 
effects of the drug in psychiatric and neuro- 
logical conditions. 

Electroencephalographic studies on the ef- 
fect of reserpine are few, and apparently in 
none of them were significant changes found 
in the scalp recording. Schneider and Earl * 
investigated the effect of reserpine in the 
EEG of monkeys and found no changes. 
Dennison and associates * obtained similar 
results in patients with high blood pressure 
without cerebral vascular complications who 
received reserpine in doses of 1 mg. daily for 
seven to eight months. Monroe and associ- 
ates* did not find any distinctive EEG 
changes in either the cortical or the sub- 
cortical regions under reserpine therapy 
(5-10 mg. intravenously) in eight patients, 
applying a special technique consisting in 
electrocorticography and implantation of deep 
electrodes by stereotactic procedure. 

Pharmacological studies have shown that 
reserpine produces mainly parasympathetic 
effects and sedation, or, rather, a tranquiliz- 
ing state, generally accepted as due to an 
autonomic response through the hypothala- 
mus. On the other hand, this drug has been 
used by neuropsychiatrists in psychoses, 
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mental retardation, disorders of behavior, 
and extrapyramidal diseases. We 
thought, therefore, that the electrical explora- 
tion of the base of the brain might throw 
some light on whether the neurostructures 
which are related anatomically to that part of 
the skull are involved or not. 


some 


Our first reports on the EEG changes 
under reserpine applying basal electroenceph- 
alography were made at the Symposium on 
Reserpine in Psychiatry * and, later, at the 
II South American Congress of Electroen- 
cephalography and Neurophysiology, in 
Montevideo.7 In both communications we de- 
scribed EEG changes at the base of the brain 
after administration of reserpine in daily 
doses of 5-10 mg. We found “slow theta” 
rhythms. 

In this report we present further informa- 
tion on the effect of reserpine in patients with 
various conditions, some of whom had a defi- 
nite abnormal brain wave pattern. 


MATERIAL AND METHODS 


Eight subjects were selected for our studies: one, 
a normal Army man aged 37; two women, 30 
and 22 years of age, respectively, with manic- 
depressive psychoses, both of whom were shock- 
resistant and had not received any treatment for 
about a year, and five patients who had, besides 
the clinical feature, a definite abnormal brain wave 


* Arellano Z., A. P., and Jeri, R.: Efectos de la 
reserpina en el electroencefalograma: Comunica- 
cién preliminar al “Symposium sobre la Reserpina 
en Psiquitria,” Asoc. psiquiat. Peruana, December, 
1955. 


+ Arellano Z., A. P., and Jeri, R.: Scalp and 
Basal Electroencephalogram During the Reserpine 
Action, II Congreso Sudamericano de Electro-En- 
cefalografia y Neuro-Fisiologia Clinica, March 21- 
24, 1955. 
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pattern. Of these five patients, two, 16 and 8 years 
of age, had typical petit mal epilepsy, with an 
EEG showing bursts of a spike-and-wave com- 
plex of 2.5 cps; one, aged 17, had grand mal 
epilepsy, with a paroxysmal high-voltage, slow 
wave, intermingled occasionally with spike-and- 
wave complex, in the EEG; one, 25 years old, suf- 
fered from psychomotor epilepsy with a negative 
spike focus on the right anterior temporal lobe, and, 
finally, one, aged 31, presented a bizarre symp- 
tomatology, which may be considered an anxiety 
neurosis, or a psychosomatic case, or “rhinencepha- 
lic epilepsy.” The basal electroencephalogram in 
the last case showed a mixture of short bursts of 
“microspikes” and alpha-like waves in the left tym- 
panic electrode, spreading to the nasopharyngeal 
lead or to the anterior temporal scalp electrode of 
the same side. In the latter lead the abnormal 
rhythms had rather an appearance of temporal 
alpha-like waves. These potentials might be present 
in the right side also but were less marked. 

Brain waves were recorded on an eight-channel 
Edin electroencephalograph machine, latest model. 
Each patient was lying down and under the con- 
ditions usual for routine electroencephalography. 
Some of the patients had been on oral medication 
with reserpine one or two days before; others were 
given a slow intravenous injection of a 1: 1000 
dilution during the test and were followed con- 
tinuously for three and a half hours. The doses were 
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0.10-0.14 mg. per kilogram of weight. The place- 
ment of the electrodes for the basal recording was 
made, as one of us described in a previous report, 
in collaboration with MacLean.® The reference lead 
was on either the sixth cervical vertebra or the chin. 
Bipolar and monopolar recordings were always 
taken. 


RESULTS 

The normal subject had a normal scalp 
electroencephalogram, alpha type. The basal 
recording showed very little symmetrical 
activity. After reserpine injection there was 
no EEG change with the standard technique. 
However, the electroencephalogram of the 
base showed a slight increase in the alpha- 
like activity and sporadic single slow waves 
on the left side, spreading to the lower tem- 
poral scalp lead. These slow 
hard to differentiate from artifacts ; 
they appeared about 15 minutes after the 
injection of reserpine, while the patient 
showed the usual symptoms described as the 
effect of this drug, and usually were associ- 
ated with small, peculiar myoclonic jerks 
during the period of chilly sensation (Figs. 
1 and 2). The myoclonic jerks were mostly 


waves were 
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of brachiofacial distribution. 


Fig. 1—Basal electroencephalogram of a normal subject before reserpine and under reserpine 
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Fig. 2.—Basal monopolar tracing under reserpine effect from the same subject as that in 


Figure 1. Reference lead: sixth cervical vertebra. 


The two manic-depressive patients showed 
when under reserpine irregular slow waves 
in the right low temporal region and slow 
theta waves at the base, more marked on the 
left side (Figs. 3 and 4). Both patients, who 
were in the manic phase of the disease, im- 
proved with the reserpine treatment. 

The petit mal epilepsy cases showed an 
increase in the spike-and-wave discharge 


Fig. 3—EEG from a pa- 
tient with manic-depressive 
psychosis. The linkages are 
referred to the nasopharyn- 
geal lead. Scalp electrodes: 
left central, midcentral, right 
central, left anterior temporal, 
left frontal, midfrontal, right 
frontal, and right anterior 
temporal. The last channel of 
the right part of the Figure 
shows a tracing from the 
nasopharyngeal lead linked to 
the sixth cervical vertebra 
electrode. 


and, simultaneously, an increase in the clini- 
cal spells of petit mal. One of these cases, 
a boy & years, had had the petit mal seizures 
daily since the age of 3 years, the attacks 
could be precipitated by flashing a strobo- 
scopic light. He was resistant to trimethadi- 
one U.S. P. (Tridione) medication (1.5 gm. 
daily ) and to the other anticonvulsants. The 
quinacrine (Atabrine) hydrochloride medi- 
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Fig. 4.—Biopolar recording across the base from 
the same psychotic patient as that in Figure 3. 


cation controlled the petit mal seizures for 
two to four weeks but brought out grand 
mal attacks. Under reserpine medication he 
became worse ; therefore the doses were pro- 
gressively reduced to 1.5 mg., and then to 
0.5 gm., a day, and methadione, at a dosage of 
0.6 gm. a day, and a single dose of diphenyl- 
hydantoin, were given in association. There- 
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after no more spells were observed, even 
though he was taking only 0.3 gm. of tri- 
methadione a day. In the last six months he 
has been off any medication and is free of 
attacks at the time of writing. 

In the case of grand mal seizures (Fig. 5) 
the EEG pattern under the effect of reserpine 
did not change; rather, it became worse. 
Clinically the patient was also worse. 

In the psychomotor epilepsy case the basal 
EEG became markedly more active under 
reserpine (Figs. 6 and 7). The spikes were 
still present on the right side but in less 
amount. Slow waves of 2-3 cps and 60pv 
and slow theta rhythm appeared in both 
nasopharyngeal leads. The same activity 
might appear in the left tympanic electrode, 
spreading or not to the low anterior temporal 
scalp electrode on the same side. When the 
slow rhythms were present in both naso- 
pharyngeal electrodes only, they were more 
conspicuous on the right side. There was no 
clear synchrony between the waves from the 
nasopharyngeal electrodes and those from the 
tympanic and temporal scalp electrodes of 
the same side. Occasionally waves of the 
right nasopharyngeal lead spread in phase 
to the tympanic and low temporal scalp leads 
of the opposite side without appearance in 
the other nasopharyngeal electrode. This 
patient has benefited partially from reserpine. 
It is interesting to notice that he had a typi- 


Fig. 5. — Case of 
grand epilepsy. 
Monopolar tracing be- 
fore reserpine (left half 
of Figure) and under 
reserpine effect (right 
half) 30 and 60 min- 
utes after the injection. 
Reference lead: sixth 
cervical vertebra. 
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| BEFORE RESERPina (SERPASOL) 
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Fig. 6.—Monopolar recording before reserpine from a case of psychomotor epilepsy, showing 
negative spike in the right anterior temporal scalp electrode, which appears of low voltage and 
less marked in the basal leads but sharper and more rapid in the pharyngeal lead. Left side less 
active. Reference lead: sixth cervical vertebra. 


Fig. 7.—Tracing under effect of reserpine given intravenously in the same patient as that in 
Figure 6. Notice the slow waves in the nasopharyngeal leads and the slow theta rhythm and 
sharp waves described in text. 
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| UNDER RESERPIMA (SenPasOL) 
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Fig. 8—Bipolar basal recording before reserpine and under reserpine action in a “psycho- 
somatic case” (see text). 
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Fig. 9.—Basal monopolar recording before reserpine and under reserpine effect of the same 
case as that shown in Figure 8. Reference lead: chin. 
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SCALP AND BASAL EEG 
cal psychomotor feature, with visceral aura 
accompanied by a compulsive wish to drink 
water. If he found water and drank at the 
proper time, the seizure was usually arrested. 
Finally, in the last case (Figs. 8 and 9), 
in which before reserpine there existed a 
definite abnormal basal rhythm, which may 
be classified as Grade II and III according 
to Schwab and one of us (A. P. A. Z.),° the 
basal rhythm under intravenous reserpine 
injection has been replaced by a disorgan- 
ized activity, with slow spikes or sharp 
waves, and slow (2.5 cps) and irregular 
theta waves of low voltage. The alpha-like 
waves also decreased and were irregular. All 
of these rhythms were intermingled, and very 
occasionally a single real spike in the tem- 
poral scalp lead, on either side, was more 
conspicuously observed. The patient con- 
tinued on oral reserpine medication, but his 
anxiety syndrome became worse and _ his 
dream phantasies increased, as reserpine is a 
“dream-stimulating” drug. 


COM MENT 


There are several points to be discussed in 
this preliminary report. First, the EEG of 
the scalp under the reserpine effect showed 
no change in the normal subject or in either 
manic-depressive patient. This finding is 
similar to the results of Schneider and Earl * 
and Dennison, White, Moore, and Pierce.* 
In the petit mal and grand mal patients the 
abnormal brain waves apparently increased 
slightly as compared with the prereserpine 
electroencephalograms. 

Second, during the action of reserpine 
the basal electroencephalogram in the nor- 
mal case showed a slight increase of the 
rhythm and sporadic single slow waves 
which could not be distinguished from arti- 
facts. In almost all the other patients the 
basal EEG during the effect of reserpine 
showed a delta and, especially, a slow theta 
rhythm. It is interesting to point out also 
that in those cases in which the spike activity 
was present at the base, it had been replaced 
by or intermingled with the rhythms men- 
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tioned. Often, the slow theta waves could 
be seen only in the pharyngeal or tympanic 
electrodes, spreading very little, or not at all, 


to the low scalp temporal leads. 


These findings are similar to previous re- 
ports we have made elsewhere. 


It was supposed § that by means of the 
EEG procedure we used in this study we 
were picking up rhythms which originally are 
concerned with the rhinencephalon. The 
mesial part of the rhinencephalon is nearer 
the nasopharyngeal and tympanic leads than 
is the hypothalamic region. On the other 
hand, the hypothalamus is the main outlet 
for the archipallium messages. The hypo- 
thalamus is involved in the neurofunctional 
circuits proposed by Papez* in the central 
mechanisms for elaboration of emotions, as 
well as in their functional expression. There- 
fore, we felt that these potentials found under 
reserpine effect are, rather, related to the 
main action upon the neuropsychophysio- 
logical circuits of Papez, where the rhin- 
encephalon plays a great role and the hypo- 
thalamus its own part. This view may 
explain the mode of action of some physio- 
logical effects of reserpine on the part of the 
nervous system which concerns mainly auto- 
nomic functions, a concept which has been 
accepted since Bein * proposed the probable 
mechanism of action of this drug. In our 
opinion, this autonomic effect may be a partial 
phenomenon only of all complex neuropsy- 
chophysiological effects of reserpine upon the 
Papez circuits. This hypothesis may explain 
why reserpine, a tranquilizing drug, cannot 
produce a hypnotic effect as do the barbitur- 
ates, and has no electrical changes on the 
scalp electrodes, as the barbiturates do. This 


t Arellano Z., A. P., and Jeri, TR.: Efectos de 
la reserpina en al electroencefalograma: Comuni- 
cacion preliminar al “Symposium sobre la Reserpina 
en Psiquiatria,” Asoc. psiquiatria Peruana, Decem- 
ber, 1954; Scalp and Basal Electroencephalogram 
During Reserpine Action, II Congreso Sudameri- 
cano de Electro-Encefalografia y Neuro-Fisiologia 
Clinica, March 21-24, 1955. 
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view is not in disagreement with recent ob- 
servations of Rinaldi and Himwich® that 
large doses of reserpine in rabbits induce a 
continuous pattern of alertness and rather 
stimulate than depress the “mesodiencephalic 
activating system,” as they call the reticular 
formation of the tegmentum of the brain stem 
of Moruzzi and Magoun and the hypotha- 
lamic diffuse reticular system of Jasper, of 
Montreal. 

Monroe and associates * concluded that 
reserpine does not show “any distinctive 
EEG changes in either the cortical or sub- 
cortical regions.”” However, in looking over 
the illustrations in their article, one may find 
some abnormal slow waves in the right an- 
terior hippocampus-right anterior amygdala 
linkage in a schizophrenic patient under re- 
serpine. It is interesting to notice that the 
spike in the prereserpine septal record is not 
seen after reserpine. Some brain wave ac- 
tivity perhaps is missing, owing to the kind 
of reference lead they used (two-ear refer- 
ence electrode), since these regions are re- 
lated to the base of the brain. 

The effects of reserpine in our epileptics 
differed in grand mal, petit mal, and psycho- 
motor patients, and also when the drug was 
used in association with anticonvulsants, 
especially in one of our petit mal cases and in 
the psychomotor case, where we observed a 
better control of seizures. This suggests that 
perhaps reserpine may act in different man- 
ner in the centrencephalic seizures than in 
the psychomotor seizures. The reserpine ef- 
fect is somewhat understandable, since the 
action of sleep differs according to the type 
of seizures. Activation of the EEG by sleep 
is the best way in which to increase the spike 
activity in psychomotor epilepsy. Reserpine 
is not a hypnotic drug. 

It is known that during reserpine treat- 
ment some cases show a state of “turmoil,” ?° 
with aggravation of their own symptoms. In 
our “psychosomatic case” reserpine aggra- 
vated the anxiety syndrome, stimulated 
“dream phantasies,” and produced changes in 
the basal electroencephalogram. All these 
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observations make sense with the hypothesis 
concerning reserpine effect we propose in this 
paper. 

Finally, it seems advisable to use reserpine 
selectively in psychiatry according to the 
psychodynamics of each case, instead of em- 
ploying it in “mass prescription.” 


SUMMARY AND CONCLUSION 


An electroencephalographic investigation 
was made in eight patients under reserpine 
therapy using scalp and basal leads (two 
nasopharyngeal and two tympanic elec- 
trodes). One of the cases was a normal sub- 
ject, and two had manic-depressive psychoses 
with normal electroencephalograms. The re- 
maining five patients were selected according 
to a definite abnormal brain wave pattern. 
Two had petit mal; one, grand mal; one had 
psychomotor seizures, and one was a “rhin- 
encephalic psychosomatic” case. 


Under reserpine the basal electroenceph- 
alogram showed slow waves of 2.5 cps and 
slow theta rhythm in some patients, whereas 
the scalp electroencephalogram did not show 
any striking change. In some epilepsy was 
aggravated with reserpine but improved on 
anticonvulsants in reduced doses. In the psy- 
chosomatic case reserpine behaved as a drug 
stimulating “dream phantasies.” 


Some neurophysiological considerations 
are made on the probable action of reserpine, 
assuming that it may produce its effect 
through the Papez neurophysiological cir- 
cuits. 


From this small series we are not able to 
make any definite conclusion. Nevertheless, 
we can say preliminarily that reserpine seems 
to produce slow waves and slow theta rhythm 
in the basal electroencephalogram, with the 
technique and the doses we used. 


Cervantes 248. 
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News and Comment 


ANNOUNCEMENTS 


Congress of Neurological Surgeons.—At the Fifth Annual Meeting of the Congress of 
Neurological Surgeons, held at the Statler Hotel, in Los Angeles, the following men were 
elected to office in the Congress of Neurological Surgeons : 


Vice-president Dr. Frederick C. Rehfeldt, Fort Worth, Texas 
Executive Committee Dr. Thomas Marshall, Louisville, Ky. 


Dr. Richard DeSaussure, Memphis. 


Dr. Bland W. Cannon, of Memphis, took up the presidency of the organization. 
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Prolongation of Seizure Latency by Anxiety and Other Factors in 


Patients Undergoing Electroshock Therapy 


R. F. JEANS, M.D. 
and 
J. E. P. TOMAN, Ph.D., Chicago 


I. INTRODUCTION 

Anxiety is generally regarded as a prob- 
lem of prime importance for clinical psychi- 
atry. The literature is replete with descrip- 
tions of its subjective symptomatology and 
peripheral physiology, as well as its cultural 
and philosophical significance.* The fact that 
anxious patients characteristically show signs 
of restlessness, sympathetic overactivity, and 
resistance to sedation has led some authors 
to assume that anxiety is associated with an 
increased excitability of brain and thus with 
an increased susceptibility to seizures.t How- 
ever, we are not aware of any reports on 
direct measurements of cortical excitability 
in anxiety. Therefore, the present study was 
designed to shed some light on the central 
physiology of anxiety by measuring vari- 
ations in seizure threshold in hospitalized 
psychotic patients undergoing electroshock 
treatment (E. S. T.). Our own observa- 
tions, previously reported in brief,’* show 
that human anxiety is associated with an 
elevation of threshold to electrically induced 
seizures. Parallel studies on animals in which 
stress activation of alerting mechanisms has 
been produced have tended to confirm these 
findings and have suggested new paths for 
the pharmacological investigation of this 
problem.*® 


Submitted for publication Nov. 21, 1955. 


From the Institute for Psychosomatic and 
Psychiatric Research and Training, Michael Reese 
Hospital, and the Departments of Physiology and 
Psychiatry, the Chicago Medical School. 

* References 1-13. 

+ References 1, 2, and 5. 
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II. METHODS 


A, Patients —Forty-eight consecutive patients 
scheduled to receive electroshock therapy were 
selected for this study. There were 10 men and 
38 women. Ages ranged from 24 to 77 years; for 
purposes of analysis these were divided into an 
older group (45 or more years) of 25 patients and 
a younger group (44 years or less) of 23 patients. 
Also, for statistical purposes it was convenient to 
divide. the patients into two main diagnostic cate- 
gories: 34 who showed predominantly depressive 
features (but including 1 patient seen in a manic 
phase) and 14 who were classified as schizoaffec- 
tive. This division, although far from satisfactory 
in regard to the degree and type of psychotic 
manifestation, represented the two principle trends 
which, in our experience, benefit from E. S. T. 


B. Psychiatric Rating Scales—The patients 
were all interviewed briefly 3 to 10 minutes before 
each treatment and then, before proceeding further, 
were rated on a psychiatric scale according to three 
different sets of criteria, which were designed to 
indicate (1) the level of anxiety, (2) the degree 
of depression or elation, and (3) the degree of 
dissociation (flatness or inappropriateness of emo- 
tional response). This scale was meant simply to 
be a cross sectional index of the mental status at 
the time of the treatment and is not concerned 
with how this was brought about in the first place. 

1. Vignettes illustrating the three scales 

(a) The anxiety scale 

+4: Patient in panic, fights or runs when 
approached, pupils widely dilated, palms 
sweating, flushing, pulse extremely rapid, 
may be incontinent, no evidence of ability 
to control an overwhelming sense of 
impending disaster 

+-3: Patient extremely apprehensive, rest- 
less but able to exert conscious control ; 
definite autonomic signs; rapid pulse, 
pupils dilated, perspiration, and tremor 

+2: Patient rather tense, considerable 
verbalization of uneasy feelings, minimal 
autonomic signs (slight widening of 
pupils, slight increase in the pulse rate, 
etc. ) 

+1: Patient shows no autonomic signs 
but verbalizes some uneasy feeling or 
shows minimal signs of apprehension, 
such as blinking of the eyes 

0: No evidence of apprehension 


4 
4 
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(b) The depression-elation scale 


+4: Full-blown manic state; patient con- 
stantly seems under pressure to talk and 
move about at an accelerated rate to the 
point of complete exhaustion, flits from 
subject to subject without logical se- 
quence, no time to eat or sleep 


+3: Intermittent manic state; patient has 
episodes in which he is hyperactive, over- 
talkative, and elated, with some loss of 
logical sequence of thoughts, which come 
in bursts 


+2: “feeling high,” 
elated and more active than usual, with- 
out normal moderation but without pres- 
sure of speech or action sufficient to over- 
come conscious control 

+1: Mild euphoria; any verbal evidence 
of elation unrelated to external cause 
(“Gee, I feel good today, although there 
doesn’t seem to be any reason for it.”) 


Hypomanic state; 


0: No evidence of either elation or depres- 
sion 

—1l:Any complaint of depressed feeling 
unrelated to external cause at the moment, 
with no retardation (“I just don’t feel 
right today, I don’t know why.”) 

—2:The above, plus any somatic com- 

plaint: anorexia, constipation, matutinal 

insomnia, back-ache; minimal 

of speech and action 


slowing 


—3: The above, plus a delusional element, 
ideas of worthlessness, having committed 
the unforgivable 
tardation is marked 


sin, etc.; motor re- 
—4: Complete inhibition of motor activity, 
marked slowing of thought processes 
(c) The dissociation scale 
+4: Patient is completely lacking in appro- 
priate emotional response, may be im- 
mobile (rigid or relaxed) or bizarrely 
hyperactive, shows not even elementary 


adaptive capacities, no interest in or 
reaction to surroundings 
+3: Patient is withdrawn, delusional, 


and/or hallucinating, behavior is largely 
on the basis of delusional or hallucinatory 
reactions but still partly responsive to 
surroundings (“You must be God, or 
else Dr. Blank; anyway, do you have a 
match ?’’) 

+2: Noticeable flatness or inappropriate- 
ness of emotional response, but no overt 
delusions or hallucinations (“I’m dying, 
it’s no use, there is nothing that you can 
do”), expressed in a matter-of-fact way, 


with a smile, as if discussing the weather 

+1: <Any flatness inappropriateness 
discernible, a vacant look, a silly grin, 
etc. 


or 


0: No evidence of flatness or inappro- 
priateness of affect 


C.E.S.T.Procedure—It was not considered 
clinically feasible to measure threshold directly 
because of the negative therapeutic effect of the 
“missed shocks” which this would have entailed. 
Instead, in the present research we took advantage 
of previous studies showing that latency is in- 
versely related to electroshock threshold and thus 
could serve as an indirect measure of threshold. 


Determinations of latency were made by simul- 
taneously pressing the stop watch (Gallet, 10-second 
sweep) and the “treat” button of a Medcraft electro- 
shock treatment unit. Bitemporal electrode place- 
ment was used. The usual shock was 120 volts, 60 
cps alternating current, applied for 0.7 second glis- 
sando, plus 0.5 second peak voltage. The end-point 
of seizure latency was the onset of the tonic phase 
of the seizure, usually manifested by an inspiratory 
“cry.” Where the latency was prolonged beyond 
7 seconds, a second shock was administered within 
15 seconds to guarantee a therapeutic seizure; the 
latency was then recorded as a “missed shock.” 

A total of 342 E. S. T. treatments was given to 
the 48 patients. No medication was given prior to 
E. S. T., which was administered on alternate 
weekday mornings. From 3 to 14 shocks were 
administered per patient, the number depending 
solely on the evaluation of therapeutic result. The 
testing procedure was so simple that it occasioned 
no interference with routine electroshock therapy. 

D. Analysis of Data.—This patient series con- 
stituted an unbalanced group in that there was a 
high correlation between age and diagnosis (P= 
0.0028—see below), such that the younger group 
included more schizoaffective and the older, more 
depressed patients. However, the sexes were rela- 
tively randomly distributed as to age group (P= 
0.34), with an insignificant trend toward more 
men in the older group, and even more randomly 
with regard to diagnosis (P=0.94). 

Because of the above considerations and other 
asymmetries which could not be avoided in the 
experimental design, the data were treated in several 
ways to isolate crucial factors and to avoid spurious 
correlations as much as possible. The principal 
method was to arrange a multifactor contingency 
table in which experimental occasions were dis- 
tributed with regard to from four to six factors 
(such as age, sex, diagnosis, and seizure latency). 
The expected number of findings in each class 
was then calculated as if the factors were only 


t References 16 and 17. 
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A, 
randomly related. These expectancies were then 
compared with actual findings for pairs of factors, 
particularly for correlation of other factors with 
seizure latency. A typical x-square test was then 
made. For convenience, the x-square values have 
been converted into equivalent P values (levels of 
significance) for the relevant number of degrees 
of freedom (DF) in each test by interpolation in 
or extrapolation from the graph of Bliss'® and 
tables of Hald.‘® In addition, in some analyses 
the data were compared only for occasions when 
the most crucial variables (such as anxiety) were 
at a constant level. Where such an analysis gave 
rise to small numbers, exact probability considera- 
tions rather than x-square tests were used. 

Two general types of analysis were used to 
extract meaningful correlations from the data. 

1. Day-to-Day Comparisons: Direction of change 
(rather than absolute levels) of such variables as 
latency, anxiety, and others were used. Changes 
from one E. S. T. treatment to the next were 
recorded simply as —, 0, or +. This method had 
the advantage of minimizing such “constitutional” 
factors as age, sex, diagnosis, etc., and yielded the 
highest correlations for factors subject to change 
from day to day. 

2. Absolute Levels: These were of course indis- 
pensable in assessing the importance of “constitu- 
tional” factors, and for comparison with these the 
actual levels of temporally varying factors were 
used. 


Ill, RESULTS 

A. Day-to-day Changes, Intercorrelation. 
—1l, Anxiety Versus Latency: There were 
147 instances in which anxiety level and 
latency both changed (the shock remaining 
constant). Of these the changes were in the 
same direction in 132 instances and opposite 
only in 15. For these data there was an al- 
most incalculably low probability of random 
occurrence (P=10*). 

2. Depression Versus Latency: Because of 
the overwhelming effect of anxiety as a de- 
terminant of latency, it was necessary to 
calculate other effects from contingency 
tables of 200 E. S. T. treatments involving 
all factors and including all three degrees of 
change. When so calculated, increasing depth 
of depression showed a slight but insignifi- 
cant trend toward shorter latency (P=0.24). 
However, if one further restricts attention to 
those 19 cases in which anxiety remained 
constant but latency and elation rating both 
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changed, in 16 of these both were changed 
in the same direction, and in only 3 in op- 
posite directions (P=0.0023). 

3. Dissociation Versus Latency: There 
was an even smaller tendency for dissociation 
rating to shorten latency (P=0.85). For 
separate analysis, there were only six cases 
in which latency and dissociation index 
changed while anxiety remained constant. 
Five changed in the same direction and one 
opposite, giving an absolute P of 0.19. The 
trend is interesting, but the data are insuffi- 
cient. 

4. Intercorrelation of Anxiety, Depression, 
and Dissociation Ratings: From the con- 
tingency tables it was also possible to seek 
correlations among the ratings. However, 
none of significance was found. There was 
a slight, but not significant, tendency for 
decreased anxiety with increased dissociation 
(P=0.13). With increased depression there 
was a slight but insignificant trend toward 
increased anxiety (P=0.70). Finally, there 
was a small and insignificant inverse relation 
between degree of dissociation and of depres- 


sion (P=0.73). 


B. Daily Ratings Versus Temperature and 
Humidity—In 57 instances the room tem- 
perature and humidity were recorded to- 
gether with the other daily ratings. The 
overwhelming relation between anxiety and 
latency was again evident (in 26 instances 
where both were changed, all were in the 
same direction), making special analysis 
necessary. If only those 19 cases were con- 
sidered where anxiety was unchanged while 
latency changed, there was only a very slight 
tendency for decrease in latency when tem- 
perature was raised (P=0.70) and some- 
what greater for humidity increase (P= 
0.30), but obviously neither was significant. 
Taking advantage of all 57 cases in a four- 
factor contingency table, the results were as 
follows: insignificantly shorter latency at 
higher temperature (P=0.76);  insignifi- 
cantly shorter latency at higher humidity 
(P=0.87). There was an insignificant ten- 
dency for anxiety to be less at higher tem- 
perature (P=0.62) and higher humidity 
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(P=0.62). There was a significant tendency 
for room temperature and humidity at this 
hospital to vary inversely (P=0.038), but 
it is doubtful that this could conceal a signifi- 
cant effect of these variables on latency if 
such existed over the range studied (temper- 
ature range 68-90 F, humidity 42%-68%). 
These negative findings are emphasized be- 
cause they make it unlikely that the effect 
of anxiety on latency could occur indirectly 
through sweating and vasodilation, which 
were of course present on the warmer and 
moister days. 

C. Progressive Changes with Continued 
E. S. T.— The Table summarizes the tem- 
poral trends in latency and psychiatric ratings 
during the course of E. S. T., as judged by 
day-to-day change. 

1. Latency was significantly increased in 
later trials compared with earlier, but the 
change was small, as can be seen from Fig- 
ure 1. 


2. Anxiety showed only a small trend 


toward increase in the first five days and 
even smaller decrease thereafter. 


3. Elation (more properly, remission of 
depression) was profoundly increased in the 
first five treatments, with a smaller but just 
significant increase thereafter. 


4. Dissociation was markedly decreased 
in the first five days, and then just signifi- 
cantly increased thereafter. It should be 


added that this secondary rise in dissociation 


was observed in both depressed and schizo- 
affective patients, although more in the latter, 
where it usually differed in character from 
the schizoid manifestations seen prior to 
treatment. It represents the well-known con- 
fusion effect which accumulates with repeated 
E. S. T. treatments. Figure 2 illustrates the 
progressive changes in absolute level of the 
psychiatric variables. 

D. Latency Changes Related to Change in 
Voltage and Duration of E. S. T.—In 27 
instances the voltage and/or duration of 
electroshock was altered from one day to 
the next in such a way as to permit an as- 
sessment of effect of stimulus energy on 
latency. The average change in electrical 
energy was 18%. Latency was changed in 
the expected direction, inversely with shock 
strength, in 18 cases, unchanged in 6, and 
paradoxical in only 3 (P=0.001). However, 
it should be noted that this is a slightly 
smaller effect than that caused by anxiety 
(above) when electrical parameters were 
kept constant. Thus, it can be said that the 
“spontaneous” changes in latency attribu- 
table to daily changes in anxiety level were 
as great as vr greater than the intended 
change produced by an 18% change in shock 
energy. 

E. Absolute Comparisons—A _ six-factor 
contingency table was drawn up involving 
longer versus shorter latency (3.0 or more 
versus 2.9 or fewer seconds), greater versus 


Cumulative Effect of E. S. T. on Changes in Day-to-Day Ratings 


Total 
Rating No. 


Tnerease 
Expected 


Increase 


Found Sign x? 


233 116.5 135 
136 68 
97 48.5 


184 


Dissociation 


Later 


Latency 
+ 1.2 0.26 
Anxiety 
92 96 + 0.35 0.72 
First 5 ...... 114 57 65 + 2.2 0.14 
ven 70 35 31 0.91 0.34 
Elation 
4 72 36 59 + 29.4 7x<10-8 
51 25.5 44 + 26.8 210-7 
21 10.5 15 3.9 0.049 
25 12.5 3 144 0.0025 
16 8.0 12 + 4.0 0.045 
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Fig. 1—Relation of E. S. T. latency to number of shocks given. Shocks were given three 
times weekly on alternate days in most instances. In contrast to the data obtained from daily 
variations in individual patients (see text), the increase in mean latency for all patients is 
barely perceptible. Also note that after the second treatment there is no further increase in 
percentage of missed shocks. 


less anxiety (Grade 2 or more versus Grade 274 relevant cases in the table. Two other 
1 or less), older versus younger patients (45 such tables were drawn up in which the 
years or more versus 44 or less), women latency criterion was either “missed shock” 
versus men, and later versus earlier course (41 out of 285 relevant instances) or, at 
of E. S. T. (sixth treatment or later versus the other extreme, “ultrashort latency” (51 
fifth treatment or earlier). The latency cri- out of 254 instances), in order to assess the 


terion (2.9-3.0 sec.) was the median for the meaning of extreme values of latency. Since 
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Fig. 2—Relation of psychiatric ratings to number of shocks given. The mean scores for 
depressed (DEP.) and schizophrenic (SCH.) patients are given separately as a function of 
increasing number of shock treatments. Note that the SCH. patients score somewhat less 
than the DEP. patients in anxiety, but that here is very little progressive change in anxiety 
in either group. The dissociation rating is seen to fall rapidly with the first six treatments in 
the SCH. group, but rises again after this minimum. A similar but smaller rate rise is seen 
in the DEP. group. The depression rating also shows greatest improvement up to the sixth 
treatment (as indicated in the text, the SCH. patients were selected for E. S. T. therapy on 
the basis of strong affective components). 
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Fig. 3.—Relation of E. S. T. latency to anxiety level. In this and other figures the mean 
latency is given only for seizures beginning within 7 sec. after the shock. Beyond 7 sec. a 
second shock was given to insure a seizure, and all such instances are recorded here as missed 
shocks. Note the significant rise in latency at anxiety ratings higher than 1+. No seizures 


occurred within 7 sec. at anxiety rating 4+. 


these latter two tables, because of asym- 
metrical distribution of latencies, yielded 
poorer y-square values, they will be referred 
to only insofar as results differed qualita- 
tively from those in which the median latency 
was the criterion. 

1. Correlations with Latency: (a) Higher 
anxiety was highly associated with longer 
latency (P=1.710%). This relationship 
is clearly seen in Figure 3, where it can also 
be noted that incidence of missed shocks 


increases in parallel manner with level of 
anxiety. 

(b) Older patients manifested longer 
latencies (P=1 107), the trend being as 
great as that for anxiety. It can be seen 
irom Figure 4 that this difference is weighted 
heavily by the very young and very old 
groups and that missed shocks also increase 
with age, 

(c) Women had significantly longer laten- 
cies than men (P=0.00005). However, this 
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Fig. 4.—Relation of E. S. T. latency to age. 


Note the progressive increase in missed shocks 


with increasing age. Although mean latency shows a significant increase from the 25th to 
the 75th year, the values are relatively constant throughout the intervening decades. 
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difference was not significantly reflected with 
either missed shocks or ultrashort latencies. 

(d) Depressed patients showed longer 
latencies than schizoaffective (P—0.0003). 
Here again the difference was somewhat 
weaker when analyzed through extreme long 
or short latency, although the discrepancy 
was less than with sex. 

(e) With the sixth or later E. S. T. treat- 
ment latency was significantly longer than 
earlier in the course of treatment, but the 
effect was not striking (P=0.03). It can 
be seen from Figure 2 that there is a stronger 
progressive change in incidence of missed 
shocks and that this has occurred early in 
the course of the first few treatments. 

From the similar results obtained with 
various latency criteria, it is possible to de- 
duce that anxiety in particular increases 
latency simply by raising threshold and that 
threshold is probably an important factor 
also in the differences seen with age, diagno- 
sis, and cumulative E. S. T. However, even 
in these some additional factor altering the 
time course of inhibition and/or excitation 
is suggested, and such a time effect seems 
to be the principal factor in the observed sex 
difference. 

2. Correlations with Anxiety: From the 
contingency tables it was also possible to 
assess the factors associated with higher or 
lower levels of anxiety. 

(a) Women showed significantly greater 
anxiety than men (P=0.031), but the dif- 
ference was not marked. 

(b) Depressed patients showed a trend 
toward higher anxiety levels than schizoaf- 
fective patients (P=0.10) but not at a signi- 
ficant level. 

(c) Older patients showed only an insig- 
nificant trend toward higher anxiety (P= 
0.52). 

(d) Later E. S. T. treatments were insig- 
nificantly associated with higher anxiety 
(P=0.67). This is in confirmation of the 
previously mentioned finding that changes 
in anxiety were not significantly upward in 
an analysis of day-to-day changes in level. 
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IV. COMMENT 


A. Some Theoretical and Practical Con- 
siderations Regarding Latency.—1. Animal 
Observations: A number of relevant obser- 
vations have been made in mice.'® In these 
studies electroshock latency was found to be 
increased significantly by stressful proce- 
dures, such as mechanical shaking of the 
animals or electrical shocks applied to the feet 
for two minutes prior to shock and sufficient 
to induce signs of sympathoadrenal dis- 
charge. Both epinephrine and arterenol 
(norepinephrine) increased latency signifi- 
cantly, and the stress-induced increase in 
latency was partially blocked by the sym- 
patholytic drug Dibenamine (N, N-dibenzyl- 
8-chlorethylamine ). However, other evidence 
suggested that sympathoadrenal discharge 
was not the sole factor in producing the stress 
effect and that the adrenal cortex played a 
minor role if any. Reserpine, a centrally 
acting drug known to be useful in tranquil- 
lizing agitated psychotic patients, markedly 
reduced E. S. T. latency in mice and abol- 
ished the stress-induced increase. 

As with human patients, it was found that 
age significantly increased latency. How- 
ever, there were no significant sex differ- 
ences, nor was there a progressive increase 
in latency with repeated E. S. T. in mice. 

Since in animals it was possible to use a 
wide range of stimulus conditions, physio- 
logical alterations, and drugs, it was feasible 
to develop and test some notions concerning 
the nature of seizure latency. It was ob- 
served that when shock is varied over a wide 
range, there are fixed and irreducible upper 
and lower limits of latency for a given set 
of physiological conditions. From this the 
principle is derived that the initiating elec- 
troshock stimulus sets off two opposed proc- 
esses, inhibitory and excitatory, the algebraic 
summation of which determines the convul- 
sive excitatory state. The inhibitory process 
is assumed to be the more rapid in onset, 
but less in degree and slower in decline. This 
concept is illustrated in Figures 5 and 6. It 
can be seen from this that there must occur 
first an irreducible latent period of predom- 
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x TIME COURSE OF SEIZURE STATE 7 
q € 1 FOLLOWING BRIEF. STIMULUS J 


AND MAX 
LATENCY 


° TIME 
i Fig. 3 ee representation of the hypothetical events leading to an evoked seizure. 


During the briet E. S. T. shock there is a rise in the primary excitatory and inhibitory states 
FE, and J;, which thereafter recede exponentially, J, having the slower rate of rise and decay. 
The secondary processes Ez and Js rise to values dependent upon the primary states, J, having 
the faster rate of rise and decay. The hypothetical seizure state S is the difference between 
FE, and Jz. A seizure will occur when S exceeds threshold 7. If the threshold is lower (or the 
shock greater) the seizure will occur sooner (Ts), but there will always be an irreducible 
minimum latency at the point where S=0, no matter how great the shock or how low the 
threshold. There will also be a maximum latency (at 7a) beyond which no seizure can occur. 
With an inadequate shock summation can still occur until S again descends below the baseline. 
Beyond this point, a period of postshock depression followed by recovery (not shown) will 
occur theoretically even with an inadequate shock. 


inantly inhibitory type. Beyond this period, cesses or it will not occur at all. Still later, 
the actual latency will be determined by the a second predominantly inhibitory phase oc- 
relation of shock to threshold. If the shock curs, corresponding to the paradoxical late 
is close to threshold, the seizure must occur depressed phase of threshold which occurs 
prior to an upper limiting time determined with “missed shocks,” following an earlier 
by the subsidence of the two opposed pro- _ facilitation period. 


q RELATION OF CONSTANTS | 
TO LATENCY DATA 
° 


Fig. 6.—Diagrammatic representation of the relationship between change in latency and 
the spontaneous or induced change in physiological constants. Seizure state S is plotted against 
time after E. S. T. shock of two different intensities. The two latencies thus found will depend 
upon the threshold 7, the peak values S: and S2, the half-time of rise of S, and the minimum 
latency. In practice, given a set of pairs of latencies, it is possible to calculate the original 
constants from the empirical data, even when the shock is kept constant and the latency 
variation arises from other causes (text and Fig. 7). 
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(It should be apparent that this discussion 
and the experiments upon which it is based 
concern only the initiation of full tonic sei- 
zures and are not directly translatable to 
induced minor seizures, of which the “‘missed 
shock” reaction is probably an example.§) 

2. Analysis of Human Latency Data: Al- 
though the human data do not lend them- 
selves readily to a test of basic physiological 
theory, in particular because a limited range 
of shock strengths was used, some relevant 
conclusions can be derived from a graphic 
analysis utilizing the principles shown in 
Figures 5 through 7. Advantage was taken 
of the “spontaneous” daily fluctuations in 
threshold (which, as already pointed out, are 
highly correlated with change in anxiety 
level and amount on the average to the equiv- 
alent of an 18% change in stimulus energy). 
By taking the ratios of available successive 
pairs of latencies and graphing the ratios 
(shorter/longer) against the longer of the 
pair (Fig. 7), it was found that the curve 
converged toward unity at a latency of 1.1 
seconds. This represents the average mini- 
mum latency which could have been achieved 
if very strong shocks could have been used 


§ References 17 and 20. 
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and corresponds closely with the value found 
more directly in mice by means of much 
briefer shocks without glissando.’° 

Subtracting this minimum value from all 
latency data, the lower curve of Figure 7 
was constructed to give a theoretical mean 
ratio of thresholds, which was found to be 
0.8. This corresponds to a mean “spon- 
taneous” fluctuation of 20% and is in agree- 
ment with the previously mentioned value of 
18% derived quite independently from ex- 
perimental changes in stimulus energy (see 
III. Results, Section D). 

With these essential data it was then pos- 
sible to fit the latency-pair data by approxi- 
mation to a curve of the type of Figure 6. 
The best approximation gave a half-time of 
rise of 1.85 seconds, which when added to 
the irreducible minimum latency of 1.1 sec- 
onds gives a total latency of 2.95 seconds. 
By definition this half-time corresponds to 
the expected latency when the shock energy 
used is twice as great as the threshold energy 
(i. e., that shock level which would give 
seizures in 50% of cases). 

The median for all our determinations 
was (quite accidentally) between 2.9 and 
3.0 seconds when a standard shock of 120 v. 
was used. It follows that the corresponding 
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Fig. 7.—Calculation of seizure constants from paired latency data. 


shock value are compared on successive days. 
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The shorter value Li is divided by the longer Ls. 


Plotting L:/L, against Ls, the uppermost curve may be extrapolated to unity to give the 
theoretical minimum latency. This value is then subtracted from all latencies, and the corrected 
values replotted in the lower curve. The limiting value of Li/L: toward which they rise gives 


the relation S:/S:, a measure of the mean 


“spontaneous” 
can then be fitted to the curves of Figure 6 to give the half-time, etc. (text). 


fluctuation in threshold. These data 
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threshold value would have been 85 v., (i. e., 
120 v.+\2), since energy varies as the 
square of voltage. (As we have previously 
shown,'’ voltage squared rather than voltage 
as such gives the proper scale for threshold 
in E .S. T. measurements. ) 

The percentage of missed shocks at stand- 
ard voltage and duration (2threshold) was 
found to be 14.4%, or one in seven deter- 
minations. From this value one can recon- 
struct the theoretical voltage-threshold rela- 
tion in the population. For example, it can 
be shown by extrapolation that even if vol- 
tage had been raised to 150 v., one would 
still find approximately 5% missed shocks 
in such a population. 

The ratio of peak inhibition in the latent 
period to subsequent peak excitation is found 
to be approximately one-fourth when the 
foregoing data are analyzed as in Figures 
5 and 6. 

It was not possible to determine with cer- 
tainty the mean upper limiting latency, i. e., 
that beyond which a second shock should 
ordinarily be given if a seizure is to be as- 
sured. The longest observed latency in the 
present series was 17 seconds, but consider- 
ably longer have been reported.|| Our ex- 
perience suggests that the median upper 
limit is approximately 7 seconds; if so, one 
should ordinarily not wait more than 15 
seconds before administering a second shock 
of equal strength, according to an analysis 
based on Figure 5. 

Several other practical suggestions emerge 
from the foregoing theoretical considera- 
tions. One is that electroshock latency offers 
a convenient guide for determining when to 
make changes in stimulus strength during 
the course of E. S. T. (A built-in stop watch 
with 10 second sweep that started at the 
moment of onset of shock and could be 
stopped manually would be a useful addition 
to commercial E. S. T. machines.) It is 
suggested that an effort be made to hold the 
latency within the range of 2.0 to 3.0 seconds 
as a compromise between excessive incidence 
of missed shocks and excessive stimulation 


|| References 16 and 20-22. 


with large shocks. It also seems unnecessary 
and misleading, in view of the large daily 
fluctuations, to retain the small or continuous 
steps of voltage available in most commercial 
machines. Steps of at least 10% in voltage 
would seem more practical. 

Although the present report is based on 
data derived by the glissando method, our 
previous experience with nonglissando tech- 
nique in man *° and animals { does not sug- 
gest any important difference other than in 
absolute shock level. 


B. The Relation of Anxiety to Seizure 
Susceptibility —Our data indicate that the 
level of anxiety is inversely related in a highly 
significant way to susceptibility to induced 
grand mal seizures. Other authors have 
viewed the relationship between level of vigi- 
lance and seizure susceptibility in two appar- 
ently contradictory ways. 

On the one hand, it is well known that 
auditory, photic, and somesthetic stimuli may 
activate seizure discharges in selected pa- 
tients. It has long been noted clinically that 
sudden or intense emotional stimuli may 
occasionally do the same. However, psycho- 
somatic and psychoanalytic views on emo- 
tional factors in the precipitation of grand 
mal seizures have often gone beyond this 
observation and have stated or assumed that 
anxiety, arising from the activation of strong 
repressed feelings, tends to favor massive 
cortical discharge.# Linn,"! apparently in line 
with this assumption, supposed that the anx- 
ious cortex “deactivates the ascending reticu- 
lar system.” 

On the other hand, it is well known that 
various depressant agents or conditions 
(hypoglycemia, fatigue, sleep, alcohol, bar- 
biturates, etc.) favor the appearance of seiz- 
ure discharges in the EEG, while alerting 
mechanisms suppress them.* Epileptic dis- 
charge involves hypersynchrony. An asyn- 
chronous volley tends to disperse and desyn- 
chronize, even though the individual neurons 
may be firing more actively. Sleep favors 


{ References 15 and 17. 
# References 2, 4, and 5. 
* References 23-28. 
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synchronization, while wakefulness favors de- 
synchronization, presumably related to the 
asynchronous volleys from the brain stem 
reticular formation.** Many epileptics have 
their seizures only during sleep. Sleep, nat- 
ural or barbiturate-induced, serves to acti- 
vate EEG seizure discharges or even frank 
seizures in many patients, particularly with 
temporal lobe foci **; attention or arousal 
may block seizure discharges. In fact, even 
direct cortical stimulation may locally ex- 
tinguish or diffusely suppress seizure dis- 
charges.** One is reminded of the old but 
still valid observation of Bubnoff and Hei- 
denhain ** that a zone of inhibition always 
precedes and surrounds a zone of excitation. 
Our own observations indicate that alerting 
or arousal raises the threshold for all com- 
ponents of cortically evoked EEG responses 
in rabbits. Lindsley *° has shown a desyn- 
chronizing action of anxiety in human EEG 
spontaneous rhythms, while Ulett and co- 
workers have found desynchronization of 
flicker potentials in anxious patients.*’ Thus, 
there is much evidence to support the view 
that the alert, aroused, or anxious brain may 
have a higher threshold and be less vulner- 
able to seizures. 

We believe that anxiety can be viewed as 
an aspect of the activity of a regulatory 
mechanism which acts to preserve cortical 
dominance under stress. Within a wide range 
of stress intensity this mechanism protects 
the waking state against a change in the 
direction of sleep, on the one hand, or sei- 
zures, on the other. Phylogenetic and onto- 
genetic evidence suggests that a mechanism 
such as this is essential to the stability of 
a complex cortical network, which might 
otherwise be subject to disruption by con- 
tinuous storms of massive synchronous dis- 
charge.t Rollo May’s view that “man’s 
creative abilities and his susceptibility to 
anxiety are two sides of the same capacity,”'* 
and Liddell’s statement that “anxiety is the 
shadow of intellect” t seem to be converging 
on the same view of the essential relationship 
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between anxiety proneness and cortical domi- 
nance. 

What is the nature of the central mecha- 
nism underlying the phenomena of anxiety ? 
It has been suggested *° that the activity of 
the diffuse ascending reticular system is in- 
volved in the cortical changes seen in anxiety. 
This is the system which is considered pri- 
marily responsible for the desynchronization 
(“activation”) of the cortical EEG and the 
behavioral arousal under conditions of 
stress.** Probably it can respond to cortical 
stimulation as well as to peripheral evoca- 
tion.** The cerebral cortex is undoubtedly 
the site of those more complex conditioned 
neural patterns which are capable of arousing 
subjective feelings and objective signs of 
anxiety in man. It would be tempting to con- 
ceive a negative feed-back circuit from cortex 
to reticular system to cortex by means of 
which anxiety patterns produce desynchroni- 
zation of cortical rhythms and also raise 
cortical threshold. One might even postulate 
a favorable effect of small quantities of anx- 
iety in improving central discrimination by 
dispersing cortical rhythms. However, neither 
the reticular system nor the dispersal of cor- 
tical rhythms has yet been proved an essen- 
tial link in the anxiety process, and those who 
have had experience with the human EEG 
must recognize that pattern vision stimula- 
tion is one of the most effective desyn- 
chronizing procedures available, yet has no 
important affective correlates. More perti- 
nent to the problem of clinical anxiety is the 
fact that, regardless of pathway or mech- 
anism, severe anxiety is associated with a 
marked elevation of electrical threshold of 
the cerebral hemispheres. It should be noted 
that other overt inhibiting signs (derealiza- 
tion, depersonalization, stunning, or even 
fainting) may be seen in extreme anxiety 
reactions. Freud remarked that “inhibition 
follows anxiety like a shadow.”* Pavlov 
called attention to the role of induced and 
transmarginal inhibition in responses to 
stress.** We submit that the solution of the 
apparent contradiction between decreased 
cerebral excitability and increased peripheral 
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manifestations of excitement would add ma- 
terially to our understanding of anxiety. 

C. An Evaluation—Of the quantitative 
findings reported in this presentation, many 
or most are in agreement with qualitative 
statements already in the literature.§ For 
example, E. S. T. thresholds are reported to 
be higher in older patients and in women, to 
rise with progressive E. S. T., and to be 
higher on cold dry days.** The quantitative 
relation strength 
E. S. T. responses has been previously dis- 


between stimulus and 


cussed || and the importance of energy rather 
than quantity of electricity deduced.{ The 
possibility of an initial inhibitory period 
proceeding a major convulsion has re- 
ceived some previous attention.# Latency 
itself has received some discussion in the 
literature,* but primarily with regard to 
the action of drugs. Disturbed or agi- 
tated beshavior has been reported to raise 
threshold.** We that the chief 


contributions of our present study lie in an 


believe 


experimental design permitting quantification 
of latency together with psychiatric variables 
and in the use of day-to-day changes in these 
as a test of hypotheses. This method has 
given a striking demonstration of the role of 
anxiety in determining the 


‘ 


‘spontaneous” 
daily variations in seizure threshold, in con- 
trast to other psychiatric variables which, 
though modified by E. S. T., do not materially 
alter cerebral excitability as tested by E.S.T. 
The present findings have furthermore per- 
mitted the elaboration of a theory of the in- 
itiation of seizures and forced some conclu- 
sions regarding the nature of anxiety. Finally, 
the method itself appears to have some prac- 
tical use in giving daily data for the evalua- 
tion and regulation of electroshock therapy, 
without disturbing the normal routine of such 
therapy. 


§ References 21, 22, and 35. 
|| References 16, 17, and 36-39. 
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SUMMARY 


Latency from shock to onset of tonic sei- 
zure in patients undergoing E. S. T. is intro- 
duced as a simple measure of cerebral 
excitability when shock is maintained con- 
stant. 


Seizure latency is highly correlated with 
level of clinical anxiety immediately preced- 
ing E.S.T., greater anxiety giving longer 
latency. The effect is predominantly deter- 
mined by change in threshold. 

Older patients show significantly longer 
latency. 

Latency tends to increase progressively 
with continued E.S.T. treatments. 

Latency is longer in women than in men, 
the difference apparently depending on some 
factor other than threshold. 

Depressive and schizoid daily ratings show 
negligible relation to latency. However, de- 
pressed patients as a group show longer 
latency than schizoaffective patients. 


, Room temperature and humidity within 
ordinary limits show poor correlation with 
latency. 

Although latency is primarily affected by 
anxiety level, the latter shows no consistent 
progressive change with E. S. T. 

The day-to-day “spontaneous” fluctuations 
in latency and threshold due to level of anx- 
lety correspond to approximately a 20% 
variation in stimulus energy. 

Correlation is negligible between psychi- 
atric ratings of anxiety, depression, and 
schizoaffective dissociation. 


Both schizoaffective and depressed patients 
obtain maximum immediate benefit in the 
first five E.S.T. treatments. 

Subsequent treatments produce increasing 
schizoid dissociation both in schizoaffective 


and in depressed patients, but particularly in 
the former. 


The cerebral inhibitory function of anxiety 
and its possible neural mechanisms are dis- 
cussed. 

A theory of initiation of seizures involving 
an initial inhibitory latent phase is presented. 
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Parallel animal experiments demonstrate 
that stress increases latency. 


The simplicity and value of a noninterfer- 
ing latency measurement and_ psychiatric 
interview procedure for regulating E.S.T. 
therapy is emphasized. 


Portions of this study were made _ possible 
through army contracts DA-49-007-MD-261 and 
DA-49-007-M D-469. The clinical observations were 
carried out at Our Lady of Mercy Hospital, Dyer, 
Ind., through the courtesy of Sister Theresa Marie. 
Incidental animal observations were carried out at 
the Department of Pharmacology, Abbott Labora- 
tories, through the courtesy of Dr. R. K. Richards. 
Dr. H. Garner, Mount Sinai Hospital, Chicago, 
Helen Heath, Carol 
Kier, and Gustavus Bobb, of the Institute of Psy- 


gave helpful criticism. Dr. 


chosomatic and Psychiatric Research and Training, 
Michael Reese Hospital, provided, respectively, sta- 
tistical assistance, secretarial help, and illustrations. 
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News and Comment 


ANNOUNCEMENTS 
Society of Nuclear Medicine.—The Society will hold its annual meeting at Salt Lake City, 


June 21 through 23. 


All workers in the field of radioisotopes as they apply to problems in medical diagnosis and 
therapy, radiobiology, radiochemistry, and physics are invited to attend the meetings. 

Presentation of papers (15 minutes) is hereby solicited. A brief abstract should be sent to 
the Program Chairman, Dr. Simeon T. Cantril, prior to March 15, and those selected for 
presentation will receive notice thereof by April 1. 

The program will include a symposium of general interest by authoritative speakers on The 
National Waste Disposal Problem, Radioactive Fall-out, Environmental Hazards of an Atomic 
Installation, Radiation Hazards in Uranium Mining. 

The meeting will be held in the Hotel Utah, and accommodations may be made directly with 


the management. 
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INTRODUCTION 


The observation that focal seizures oc- 
curred in the limbs contralateral to a hemi- 
spherectomy led to the supposition that sub- 
cortical nuclei might be responsible for 
some localized convulsions. This was not a 
new idea, for a century ago the brain stem 
was considered the anatomical site of the 
epilepsies and Hughlings Jackson,’* in 1868, 
“believed the corpus striatum to be the part 
discharged in convulsions beginning uni- 
laterally.” In the subsequent years, stimula- 
the cerebral cortex was found to 
produce such a galaxy of fascinating re- 
sponses that attention was focused upon the 
cortex as the origin of focal attacks. As 
knowledge of the cortical seizures accumu- 
lated, it became evident that the cortex did 
not contain the entire solution to the riddle 
of the epilepsies. 


tion of 


The present study was planned to in- 
vestigate the characteristics of seizures pro- 
duced by subcortical irritation. It was recog- 
nized that electrical stimulation involved the 
possibility of excitation of 
neurons and nerve fibers, both ascending and 
descending. To obviate the latter, a chemical 
irritant which affects only neurons was 
employed as the source of stimulation of the 
subcortical nuclei. 


simultaneous 
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METHODS 


In this study, 25 immature monkeys (Macaca 
mulatta) were utilized. Electroencephalograms were 
made some days before any experimental procedure 
was carried out on the brain. In some animals 
trephinations (the dura being left intact) 
placed in various sites over the frontal, central, 
occipital, and temporal regions one to three weeks 
prior to the injection of the drug. After infiltrating 
the scalp with procaine, a 22-gauge needle was 
inserted through these burr holes, or through a 
small perforation made in the cranial vault by a 
Turkel bone marrow trephine. By a freehand tech- 
nique or a stereotactic instrument, the tip of the 
needle was manipulated into the desired site of in- 
jection. With a tuberculin syringe, 0.03 cc., contain- 
ing 10,000 units, of an oil preparation of procaine 
penicillin G was slowly injected and the needle left 
in place for 10 seconds or longer to prevent reflux 
of the solution. In eight instances the tip of the 
needle was sealed with celloidin to prevent con- 
From one 


were 


tamination as it was being introduced. 
to six such injections were made in each monkey 
at one- to four-week intervals, with intervening 
control electroencephalograms. 

Immediately after injection the animals were 
placed in an observation cage, where they were care- 
fully watched for periods of 8-10 hours, or longer if 
seizures developed. If abnormal movement or be- 
havior was observed, a cinematographic record was 
made with a 16 mm. camera. During the observa- 
tion period, from one to three electroencephalo- 
grams were taken on an eight-channel Model III 
Grass electroencephalograph, employing eight lead 
electrodes placed on the shaven scalp in standard 
positions over the frontal, central, occipital, and 
temporal regions bilaterally. Both bipolar and uni- 
polar recording techniques were used; in the latter 
a “phantom ground,” or relatively indifferent, elec- 
trode was led to the second grid. In two instances 
the needle utilized for injection was insulated ex- 
cept at its tip and recordings obtained locally at the 
site of injection subcortically (thalamus and hippo- 
campus). If no clinical abnormality was observed, 
pentylenetetrazol (Metrazol) activation, with doses 
usually subconvulsive, was carried out. 

In 10 animals following the completion of a series 
of subcortical injections, similar injections were 
made in the cortex at the site of the needle passage 
in order to compare the seizure patterns. The ani- 
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SUBCORTICAL EPILEPSY 
mals were killed and coronal serial sections of their 
brains prepared with cell ( Niss]) and myelin (Smith- 
Quigley) stains in order to determine the exact site 
of injection by histological examination. Photo- 
micrographs of representative sections were pre- 
pared. 
CONTROL STUDIES 

3ecause of the obvious possibility of cortical 
contamination during injection, either by direct im- 
plantation during the needle passage or by reflux 
along the needle tract, control studies were carried 
out in an attempt to evaluate this possibility. Before 
considering the results of injections, it may be well 
to consider the nature of these controls. 


1. In 17 animals injection was made through 
previously prepared trephines located in various 
sites over the cranial vault. 
over cortical areas 


Many of these were 
are considered “silent” 
and do not ordinarily give rise to seizures except 
upon intense 


which 
stimulation. However, the majority 
were over the central leg area, although none of the 
seizures following the injections began in the leg. 
Moreover, the incidence of seizures bore no statisti- 
cal relationship to the cortical area transgressed ; 
in particular, it was not higher when the needle 
passed through the low-threshold motor cortex. 


2. In 10 animals injections of penicillin (10,000 
units) were made into the cerebral cortex at the 
site of passage of the needle to the subcortical 
nuclei. In five instances the phenomena produced 
by these cortical injections were entirely dissimilar 
(no clinical fit or different type of a focal attack) 
to those produced by subcortical injections. In two 
instances the focal were similar, and 
in two instances no focal attacks were produced 
by either cortical or subcortical injection, but simi- 
lar EEG changes were noted. 
seizure was produced by cortical injection, whereas 
no attack occurred after the injection of the sub- 
cortical nucleus. 


seizures 


In one case a focal 


3. On five occasions the subcortical injections 
were made from a burr hole on one side into the 
subcortical structures on the opposite side of the 
brain so that the type and laterality of the seizure 
would suggest a reflux leak; in the three instances 
in which seizures occurred they were ipsilateral to 
the side of cortical transgression. 

4. Six subcortical injections were made in hemi- 
spherectomized animals into subcortical ganglia on 
both the ipsi- and the contralateral side. Of the 
two ipsilateral injections, one produced a general- 
ized seizure with Metrazol stimulation; the second 
produced no result. The four cross injections all 
produced fits of focal onset contralateral to the site 
of subcortical injection. 


5. In addition to these experimental controls, 


the serial sections of the brain were carefully 


studied to determine the presence of a possible leak 
into a ventricle or into the cerebral cortex. 

6. Finally, the electroencephalographic — studies 
have aided. When penicillin is applied to the cere- 
bral simultaneous 
discharges are discharges 


with its local 
from the homologous 
cortex of the opposite hemisphere. In many of the 
records following subcortical injection the spiking 
is almost, if not completely, confined to the ipsi- 
lateral cortex at the time of the motor seizure. 


cortex, almost 


RESULTS 

In these 25 animals, some 82 subcortical 
injections were made, which resulted in 35 
induced seizures (an additional 2 fits being 
precipitated by Metrazol activation), for a 
total incidence of 45%. Electroencephalo- 
graphic abnormalities followed the injection 
in 56 experiments, an incidence of 68%. 


Types of Seizures ——The clinical attacks 
varied in their character. The onset and 
course of the convulsion were not constant 
with any of the sites of injection, so that a 
particular pattern of seizure cannot be de- 
scribed for each nucleus. There may be 
many reasons for the variable responses. 
The injections were not at identical points ; 
often they involved two or more nuclei, any 
one of which might give an epileptic re- 
sponse, and apparently they had different 
effects upon the tissue, if one may judge by 
the residual scars in some instances and 
cystic areas in others. 


The commonest initial response was a 
jerking of the upper extremity contralateral 
to the site of injection. Frequently the 
proximal musculature participated in the 
attack more than the distal parts. The clonic 
phenomena occurred in series lasting for a 
minute or two and recurring at intervals of 
a few minutes for 6 to 8 hours, rarely longer 
than 12 hours. The jerkings of the arm 
might remain confined to that extremity or 
spread, most commonly to the leg. A true 
Jacksonian march was not seen in these ex- 
periments. Frequently, with involvement of 
both extremities on one side the animals 
would lie upon the cage floor, but rarely 
was there a loss of consciousness. The pros- 
tration was usually associated with a post- 
ictal, or Todd’s, paralysis. 
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Such focal motor attacks were noted from 
injection of the lateral nuclear mass of the 
thalamus, the putamen, the globus pallidus, 
the caudate nucleus, and the brain stem 
nuclei, and the amygdala in one case. 

The usual electroencephalographic con- 
comitant of these seizures was focal spiking in 
the ipsilateral central region with or without 
discharges in the homologous areas on the 
opposite central region. 

The next commonest initial sign was an 
adversive movement of the head and eyes. 
This was usually followed by circling with 
or without twitching of the face or upper 
extremity, although in a few instances the 
adversive movement was an isolated response. 
It was induced by injections into all the 
basal ganglia and the brain stem. Although 
usually the adversive movements were asso- 
ciated with spiking in the central region, 
in five cases unilateral or bilateral temporal- 
lobe spiking predominated. 

An initial twitching of the face was almost 
as common as the above-noted phenomena. 
It might start in the ear, eyelids, or corner 
of the mouth and was associated with saliva- 
tion in some cases. Although seen often with 
amygdala injections, it also occurred with 
putamen, globus pallidus, and caudate nu- 
cleus stimulation. Usually a central spike 
was present in the electroencephalogram. 

In six animals there occurred a peculiar 
sequence of behavioral and motor disturb- 
ances which we have termed “psychomotor” 
attacks. Approximately one hour after in- 
jection of the irritant, profuse salivation or 
a peculiar loud screeching cry and searching 
movements of the eyes and head heralded the 
attack. As the screeching continued, the ani- 
mal began pacing the cage and then to circle, 
usually away from the side of injection. With 
the circus movements it became more agi- 
tated, and, as the circling speeded up, the 
animal might ram its head against the wall of 
the cage. This might continue for 5-10 min- 
utes, when the attack would cease or the ani- 
mal would exhibit chewing movements with 
profuse salivation or twitching of the ears, 
face, or extremities—usually contralateral 
to the side of injection—but without apparent 
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loss of consciousness. At times the attack 
progressed into a generalized seizure with 
predominant movements in the extremities 
on the contralateral side. These “psycho- 
motor” seizures resulted from injection into 
the globus pallidus (two cases, one with the 
needle tract extending to the subarachnoid 
space beneath the lateral geniculate body and 
the other with the injection adjacent to the 
cortical nucleus of the amygdala), the base 
of the head of the caudate nucleus in the 
paraolfactory area (two cases), the hypo- 
thalamus (one case), and the ventrolateral 
nucleus of the thalamus (one case). Similar 
seizures from such widespread injections 
might suggest that the penicillin reached 
some common point, such as the ventricular 
system. This possibility could not be denied 
on the basis of these experiments, since 
each of these injections was close to the ven- 
tricular wall or basal subarachnoid space. 
However, we have made some seven intra- 
ventricular injections of penicillin without 
being able to reproduce this syndrome. While 
such negative findings are suggestive, they 
do not eliminate the possibility of a ven- 
tricular or subarachnoid contamination as 
the origin of these “psychomotor”’ fits. 

The electroencephalographic concomitants 
of these bizarre attacks consisted of bilateral 
generalized spiking, at times 
nounced in the temporal region. 


most pro- 

Other types of seizures were noted. In one 
animal a generalized seizure without focal 
onset resulted from an injection of the sub- 


thalamic nucleus. An apparent sensory seiz- 
ure, manifested by scratching and pecking at 
a forelimb, followed an injection of the ipsi- 
lateral substantia nigra. Recurrent transient 
intermittent paresis of the forelimb occurred 
in one animal following injection on the con- 
tralateral mediodorsal nucleus of the thala- 


mus, 

No petit-mal-like seizures resulted from 
these injections, although the intralaminar 
nuclei were frequently hit. Loss of conscious- 
ness was rarely observed unless a generalized 
convulsion supervened. 


Electroencephalographic Manifestations.— 
Although only 37 clinical fits resulted from 
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M-50 LEFT TAIL OF CAUDATE 

Fig. 1—Electroencephalogram of a monkey (M-50) following the injection of 0.03 cc. of 
an oil preparation containing 10,000 units of procaine penicillin G into the tail of the left 
caudate nucleus with extension to the dorsal portion cf the nucleus ventralis lateralis of the 
thalamus (Fig. 4, 504). The animal had a clonic seizure of the right forelimb. In the EEG, 
the spiking is confined to the left ceatral lead with no evidence of propagation to the right 
cortex. The ventral line at the lower right indicates a calibration of 50 uv, and the horizontal 


an interval of one second. 


the 82 subcortical injections, electroencepha- 
lographic abnormalities occurred in 56 in- 
stances after the injection. Some electrical 
concomitant was noted in each instance in 
which a clinical seizure developed. In the 
focal motor seizures the commonest finding 
was an intermittent or continuous spiking 
over the central region (Fig. 1). The so- 
called were asso- 
ciated with more generalized electroencepha- 
lographic changes (Fig. 2). The details of 
the electrical concomitants of all of the sub- 


“psychomotor” seizures 


cortically induced seizures are presented in 
another paper. 

The types of seizures and electrical ac- 
companiment following injection of the sub- 
cortical structures are given in the following 
abstracts. Some of these injections involved 
more than one nucleus or ganglion—the one 
indicated seemed to be the more extensively 
involved. 


This convention is used also in Figure 2 


THALAMUS 


Injections, 22. Seizures, 9. 
graphic abnormalities, 15. 


Electroencephalo- 


The following injections produced clinical seizures 

(Fig. 3): 

M-22: Left nucleus ventralis lateralis (through left 
central burr hole—needle tract passed through 
ventricle; Fig. 3, 22.) 

Staring to right and upward, screech- 

ing, jerking all limbs, and salivation. 

EEG: Generalized synchronous spiking of 

greater amplitude on left side, followed by 

marked postictal depression. 


Clinical : 


M-28. Left nucleus ventralis lateralis (through left 
central burr hole; Fig. 3, 28). 
Clinical: After two hours cocking head to left 
and circling to left. 
EEG: High-voltage 5-7/sec., slow waves of 
greater amplitude and with phase reversal in 
left central lead. 


M-11: Left nucleus ventralis lateralis and sub- 
thalamic nucleus (through left central burr hole; 
Fig. 3, 11, at arrow). 
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Fig. 2.—Electroencephalograms for a monkey 
of penicillin in the right caudate nucleus and paraolfactory area (Fig. 4, 1/), 
Note the continuous high-voltage 4-5/sec. 


tion of a “psychomotor” seizure. 


RIGHT CAUDATE NUCLEUS @ PARAOLFACTORY AREA 


(M-11) following injection of 10,000 units 
with the produc- 
slow waves with 


intervening spikes having a phase reversal in the central leads. 


Clinical: After five minutes clonic seizure in 
right forelimb and hindlimb, especially proxi- 
mal musculature, without involvement of face 
or eyes. 

EEG: Bursts of spiking in central leads, greater 
on left side (not in temporal leads), associated 
with clonic jerking of right extremities. 

M-56: Left nucleus ventralis lateralis and nucleus 
ventralis posterior (through left central burr 
hole; Fig. 3, 56). 

Clinical : Clonic seizure of left forelimb, spread- 
ing to left hindlimb, involving principally the 
proximal musculature. 

EEG: Bursts of spiking reversing in left cen- 
tral lead associated with jerks. 

M-50: Left nucleus ventralis lateralis and nucleus 
ventralis posterior (through left central burr 
hole. Subsequent cortical injections of same 
amount of penicillin produced on one occasion no 
fit but focal EEG spikes, and on a second injec- 
tion, focal seizures in right arm; Fig. 3, 50, left). 

Clinical: Clonic seizure in right forelimb with 
postictal hemiparesis. 

EEG: Initially marked spiking from left thala- 

mic lead, followed by discharge in left central 


lead only. 


M-32: Right centrum medianum (through right 
occipital burr hole; Fig. 3, 324). 
Clinical: Jerking of eyes and head upward and 
to the left with turning of head and trunk to 


the left. 
EEG: Isolated and bursts of spikes reversing 
on right central lead. 

M-25: Left pulvinar (through left occipital burr 
hole; Fig. 3, 25 

Clinical : Eight minutes after injection adver- 
sive and nystagmoid eye movements to the right. 
EEG: Bursts of spiking reversing left oc- 
cipital lead. 

M-63: Right nucleus medialis dorsalis (through 
left frontal burr hole, crossed; Fig. 3, 63, right 
dorsal). 

Clinical: Incoordination of left forelimb and 
paresis of that limb. 

EEG: Occasional slow waves and spikes re- 
versing right central lead. 

M-55: Right nucleus suprageniculatus (through 
right central burr hole; Fig. 3, 55, at arrow). 

Clinical: Seizure beginning in left forearm, 
spreading to left forepaw and left lower face. 
EEG: Marked spiking of right central lead. 
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Fig. 3.—Photomicrographs illustrating sites of injection in the thalamus and brain stem. 
Myelin preparation; reduced to 61% of mag. X 2.5. 


The following injections produced no clinical Clinical: Nil. 
seizures but showed electroencephalographic abnor- EEG: Spiking in right frontal and occasionally 
malities : right occipital lead. 


M-11: Right nucleus ventralis lateralis (through M-63: Left nucleus ventralis lateralis (through 
right central burr hole; Fig. 3, 17, right). right frontal burr hole, crossed; Fig. 3, 63, left). 
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Fig. 4.—Photomicrographs illustrating pallidal injection sites. Myelin preparations ; 


to 42% of mag. X 2.5. 
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reduced 


Clinical: Nil. 
EEG: Higher voltage on right and occasional 
spike in left central lead. 

M-59: Right nucleus ventralis posterior (through 
occipital midline burr hole; Fig. 3, 59A, right). 

Clinical: Nil. 

EEG: Slightly higher voltages on right and 
occasional slow waves in right parietal-occipi- 
tal lead. 

M-31: Right nucleus ventralis anterior and tail of 
caudate (through right frontal burr hole, not 
illustrated). 

Clinical: Nil. 
EEG: Bursts of biparietal 
higher amplitude on right. 


sharp waves of 


M-50: Right nucleus ventralis anterior (through 

left central burr hole, crossed; Fig. 3, 50, right). 
Clinical: Nil. 

EEG: Bursts of high-voltage sharp waves in 
parietal areas. 
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M-23: Right pulvinaris (through right parietal burr 
hole; Fig. 3, 23, at arrow). 
Clinical: Nil. 
EEG: Bursts of right parietal spiking. 
M-27; M-28; M-69; M-38; M-69; M-30; M-69. 
There were seven thalamic injections which pro- 
duced neither clinical seizures nor EEG abnormali- 
ties. Four were located in the nucleus ventralis 
lateralis (M-27, M-28, M-69, and M-38), one of 
which was made on the side of hemispherectomy 
one month after operation. 
injections were made into the nucleus ventralis 
posterior (M-69), ventralis anterior (M-30), and 
pulvinar (M-69). 


The remaining three 


GLosus PALtipus 


Injections, 13. Seizures, 6 (1 [M]). 
normality, 9. 

The following injections produced focal motor 
seizures : 


EEG ab- 
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M-50: Left (through left central burr hole; subse- 
quent cortical injections produced no fit in one 
instance and a focal seizure in the right arm in 
the second; Fig. 4, 50C). 

Clinical: Blinking eyes. 

EEG: Spiking in both central leads synchronous 
with eye blinks, spreading to left temporal lead. 
With 0.2 cc. of Metrazol generalized seizure 
beginning on right side; initial localized spiking 
in left central lead, then generalized. 


M-58: Left (through left central burr hole; Fig. 
4, 58). 
Clinical: Flapping movements of right shoulder. 
EEG: Occasional spikes in both central leads 
but higher on left side. 


M-28: Left (through left central burr hole; Fig. 
4, 28). 

Clinical: Turning to right and circling with 
jerking of right hand; salivation, occasionally 
mastication and facial twitching. 

EEG: High-voltage 4-6/sec. slow waves and 
spikes in left central lead; occasional right 
central spikes with twitching left arm. 

M-31: Left (through left frontal burr hole; Fig. 
4, 31). 

Clinical: Twitching forehead, right ear, right 
shoulder, and forearm; salivation. 

EEG: Spiking present in all leads, reversing 
on left central. 

M-55: Left (through left central burr hole; Fig. 
35). 

Clinical: Twitching of right hand. 
EEG: Bursts of spikes on left central lead 
associated with runs of 20-25/sec., fast activity. 

M-56: Left (through left central burr hole; Fig. 

4, 56). 

Clinical: Twitching of forehead and right fore- 
arm. 

EEG: Bursts of spikes reversing on left motor 
and temporal leads with spread to right tem- 
poral. 

M-36: Right hemispherectomy (through margin of 
of bone flap two days after hemispherectomy into 
right globus pallidus; Fig. 4, 36). 

Clinical: Nil. 
EEG: Nil. Metrazol activation induced a gen- 
eralized seizure, initiated by bursts of spikes 
on left central lead. 
The following injections produced no clinical 
seizures but produced EEG abnormalities : 

M-2: Right (through right central burr hole; Fig. 

6, 2). 
Clinical: Nil. 
EEG: Occasional isolated spikes right central 
lead. 

M-10(H): Left (through left prefrontal Turkel 
trephine with sealed needle; two subsequent cor- 


tical injections produced no seizures but spikes 
in left prefrontal lead; Fig. 6, 10). 
Clinical: Nil. 
EEG: Occasional isolated spikes left central 
and temporal leads. 
M-22 (Fig. 6, 22A, right); M-30; M-63 (Fig. 6, 
63); M-70. 
These were four injections in the globus pallidus 
which produced neither seizures nor EEG abnor- 
malities (two illustrated in Figure 6). 


PuTAMEN 


Injections, 8. Seizures, 5. EEG abnormalities, 7. 
The following injections produced focal motor 

seizures (Fig. 4): 

M-23: Left (through left parietal burr hole; Fig. 
4, 23). 

Clinical: Jerking of right shoulder and fore- 
limb. 

EEG: Spiking left central lead only, syn- 
chronus with clonic movements. 

M-50: Right (through right central burr hole; 
subsequent cortical injections produced rapid 
development of focal seizure in leg, becoming 
generalized; Fig. 4, 50B). 

Clinical: Jerks in right fingers and wrist. 
EEG: Build-up of spiking in right central 
lead. 

M-7(H): Left (right hemispherectomy); (April 
20, crossed injection through margin of right bone 
flap; Fig. 4, 7A). 

Clinical: Blinking of right eye; twitching of 
scalp, face, and forearm; then slow circling. 
EEG: Build-up of sharp waves initially in 
transverse leads and then generalized spiking, 
but of highest voltage in left central. 

M-7(H): Left (right hemispherectomy) ; (crossed 
injection through margin of right bone flap; 
Fig. 4, 7B). 

Clinical: Clonic turning of head to right, then 
jerking of right scalp, face, forearm, and 
finally, leg. 

EEG: Spiking mainly in ieft central lead. 

M-10(H): Right (through Turkel trephine in right 
temporal region; subsequent cortical injection 
produced no clinical seizure but EEG spikes; 
Fig. 4, 10B). 

Clinical: Clonic seizure in left hand and left 
thumb. 

EEG: Marked spiking in both central leads, 
of higher voltage on right. 


The following injection produced no clinical 
seizure, but EEG abnormality was observed: 
M-70: Right (through right prefrontal Turkel 

trephine with sealed needle; a subsequent cortical 

injection produced no clinical seizure but general- 
ized EEG changes; Fig. 4, 70B at arrow). 
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INJECTIONS 


Fig. 5.—Photomicrographs illustrating amygdaloid and hypothalamic injection sites. Myelin 


preparations ; reduced to 41% of mag. X 2.5. 


Clinical: Nil. 
EEG: Isolated spikes, bursts, and runs of spikes 


on right central lead with occasional delta | 


activity in right central and temporal leads. 
M-2: Right (through right central burr hole). 
Clinical: Nil. 
EEG: Bilateral central spiking of higher 
voltage on right side. 
M-29. 
This injection produced no clinical seizure or 
EEG abnormality (Fig. 6, 29). 
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CaupATE NUCLEUS 
Injections, 10. Seizures, 5. EEG abnormalities, 6. 
The following injections produced clinical seiz- 
ures (Fig. 4): 
M-30: Left (through midline prefrontal burr hole; 
Fig. 4, 30). 
Clinical: Chewing movements and jerking left 
corner of mouth. 
EEG: Much muscle artifact with chewing but 
predominant left central spiking. 
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Fig. 6—Photomicrographs illustrating various injection sites which failed to produce either 
seizures or EEG abnormalities. Myelin preparations; reduced to 58% of mag. xX 2.5. 


M-50: Left (tail of caudate) ; (through left central 
burr hole; subsequent cortical injection produced 
focal seizure in right arm; Fig. 4, 504). 

Clinical: Isolated jerks of right forelimb and 
hand every two seconds. 


4 EEG: Isolated 150 “v spikes in left central 


Clinical: Screeching, jerking head to left, and 
circling to left. 

EEG: Bilateral temporal 4-5/sec. high-voltage 
waves with spikes reversing on right central 
lead, and occasionally on left central lead. 
Postictal depression, mainly on right (Fig. 2). 


M-60: Left (base of head of caudate nucleus) ; 
(through midline prefrontal burr hole; Fig. 4, 


lead synchronous with jerk. Following the 


intravenous injection of 0.2 cc. of Metrazol, 60). 

. continuous localized clonic movements of right Clinical: Screeching, twitching of right side 
forelimb occurred with spiking in left central of face, salivation, and jerking of right arm 
lead synchronus with jerks (Fig. 1). and leg. Series of attacks, each lasting five 

munutes. 


M-11: Right (base of head of caudate nucleus and EEG: Bursts of spikes in all leads, of higher 


paraolfactory region); (through right central voltage and with phase reversal over left cen- 
burr hole; Fig. 4, 11). tral lead. 
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M-70: Left (body of caudate nucleus); (through 
left prefrontal Turkel trephine, sealed needle. 
Subsequent cortical injection produced no fit but 
frontal spikes; Fig. 4, 70A dorsally). 
Clinical: Adversive turning of head and eyes 
to right for 10 seconds. 
EEG: Spiking in left central lead, predominant 
in left temporal lead with mild postictal depres- 
sion. Metrazol: On activation slow rhythmic 
jerking of face. 

The following injection produced only EEG 

abnormalities : 

M-10(H): Right (base of head of caudate nucleus 
and paraolfactory area); (through right pre- 
frontal Turkel trephine, sealed needle; Fig. 4, 
10A). 

Clinical: Nil. 

EEG: Irregular isolated spiking, predomi- 
nantly in left central and temporal leads. 
M-30; M-31, right; M-31, left; M-50: Four in- 
jections produced no clinical or EEG changes 

(Fig. 6). 


AMYGDALA 


Injections, 13. Seizures, 5 (1 with Metrazol 
activation). EEG abnormalities, 10. 
The following injections produced clinical seiz- 

ures (Fig. 5): 

M-56: Right (through right central burr hole; 
Fig. 5, 56). 

Clinical: Clonic seizure, beginning in left 
shoulder, gradually involving distal parts of 
right forelimb, and becoming generalized. 
EEG: Spiking in right central area with long 
runs confined to this area, then spreading to 
whole cortex as seizure progressed. 

M-29: Left (through left occipital burr hole; sub- 
sequent cortical injection produced no fit and 
slight EEG spiking; not illustrated). 

Clinical: Twitching of right face; then of arm 
and leg. 

EEG: Marked spiking in all leads on left side 
with occasional phase reversal in left central 
lead. 

M-55: Left (through left central burr hole; Fig. 
5, 55). 

Clinical: Clonic movements of scalp. 
EEG: Marked isolated spiking reversing on 
left central lead. 

M-58: Left (through left central burr hole; Fig. 
5, 58B at arrow). 

Clinical: Irregular clonic movement of the 
head to the right. 

EEG: Marked high-voltage spiking in left 
central and temporal leads with spread to right 
at times. 
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M-23: Right (through right parietal burr hole; 
Fig. 5, 23). 
Clinical: Eyes turning up and to left; circling 
left. 
EEG: Isolated and bursts of spikes with phase 
reversal on right central lead. 

M-31: Right (injection actually in white matter 
adjacent to amygdala); (through right frontal 
burr hole; not illustrated). 

Clinical and EEG: Nil. 

With Metrazol activation adversive seizure with 
eyes to right. EEG spiking in left temporal lead 
with postictal depression. 

The following injections produced EEG abnor- 
malities but no clinical seizures: 

M-28: Right (through right central burr hole; 
subsequent cortical injection produced focal seiz- 
ure, beginning in left foot; Fig. 5, 28). 

Clinical: Nil. 
EEG: High-voltage slow waves and occa- 
sional spikes in right frontal lead. 

M-58: Right (through right central burr hole; 
Fig. 5, 58A). 

Clinical: Nil. 
EEG: Runs of spiking with phase reversal 
on right central lead. 

M-59: Right (through midline occipital burr hole ; 
Fig. 5, 59). 

Clinical: Nil. 
EEG: Occasional high-voltage slow waves 
and spikes in right central lead. 

M-63: Right (through right frontal burr hole; 
Fig. 5, 63). 

Clinical: Nil. 
EEG: Isolated spiking in right temporal lead. 

M-2 (Fig. 6, 2); M-63; M-10 (Fig. 6, 10). 
Three amygdaloid injections produced no clinical 
or EEG abnormalities. 


SUBTHALAMIC NUCLEUS 
Injections, 4. Seizures, 2, EEG abnormalities, 2. 
The following injections produced clinical seiz- 

ures and EEG abnormalities (Fig. 3): 

M-38: Left (right hemispherectomy); (crossed 
injection with sealed needle through margin of 
right bone flap; Fig. 3, 38 left). 

Clinical: Generalized clonic seizure beginning 
in right forearm. 

EEG: Sporadic left central spiking, becoming 
generalized. 

M-55: Right (through central burr hole; Fig. 3, 
55 at arrow). 

Clinical: Generalized seizure without focal 
onset. 

EEG: Generalized spiking activity, initially 
of greater amplitude on right side. 
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M-22, Fig. 6, 22B, and M-63. 
Two injections produced no clinical 
abnormalities. 


or EEG 


SUBSTANTIA NIGRA 
Injections, 2. Seizures, 1. EEG abnormalities, 2. 
M-59: Left (through 
Fig. 3, 59A left). 
Clinical: Probably a sensory seizure or pares- 
thesia; the animal scratched and pecked at left 
forelimb. Occasional jerky movements of head. 


left occipital burr hole; 


EEG: High-voltage sharp waves on left 
central lead. 
M-32: Left (injections also involved superior 


colliculus); (through right occipital burr hole; 
Fig. 3, 32B). 


Clinical: Nil. 
EEG: Occasional spiking in right occipital 
lead. 


HypoTHALAMUS 


Injections, 3. Seizures, 1. EEG abnormalities, 2. 

M-32: Right (paraventricular nucleus); (through 
right occipital burr hole; Fig. 5, 32). 

Clinical: Tremulous movement of head; slow 

turning to left with defecation. Cry, followed 

by crouching and circling movements, usually 

to right. Terminated by 3-4 clonic jerks of all 

extremities and hyperextension of head and 

neck. Eyes to right. Attacks occurring every 

10 minutes with increasing clonic phase ; animal 
died in attacks two hours after onset. 

EEG: Occasional left temporal spiking; with 
attack there is generalized spiking. 

M-2: Left (through left central burr hole; Fig. 


5, 2B). 
Clinical: Nil. 
EEG: Runs of spiking in left central lead. 


M-38: (Right hemispherectomy) (not illustrated). 


In this animal there was no clinical or EEG 


abnormality. 
MESENCEPHALON 


Injections, 5. Seizures, 1. EEG abnormalities, 2. 
The following injections produced clinical or 
EEG abnormalities (Fig. 3): 


M-36: Left (right hemispherectomy); (crossed 
injection through margin of right bone flap; 
Fig. 3, 36). 

Clinical: Jerking of right ear and turning of 
head to right, spreading to right fore- and 
hindlimbs. 

EEG: Initially spiking seen in right central 
and temporal leads but later occasionally also 
in left central lead. 


M-59: Left (superior colliculus); (through mid- 
line occipital burr hole; Fig. 3, 59B). 
Clinical : 


Nil. 


EEG: Generalized slow-wave activity, of higher 
voltage on right. 
M-25R; M-27L; M-29L (not illustrated). 
Three mesencephalic 
clinical or EEG abnormalities. 


injections produced no 


Pons 
Injections, 2. Seizures, 0. EEG abnormalities, 1. 
These were two injections of the pons, M-25, in 
the left brachium pontis, producing no changes, and 
one, M-27, in the left pontine reticular substance 
which produced minor EEG changes consisting of 
generalized low-voltage 14-16/sec. activity. 


COMMENT 

Previous experimental studies on the sub- 
cortical production of seizures have been 
confined to demonstrating that generalized 
tonic attacks may occur in the absence of 
the cerebral cortex, to observing the results 
of subcortical electrical stimulation, or, less 
commonly, to evoking subcortical seizures 
chemically. The findings have not been con- 
sistent, and, accordingly, their analysis has 
given a confused picture of the role of sub- 
cortical structures in convulsions. 


Thalamic Fits—Experimental studies of 
thalamic convulsions have been largely based 
upon the electrical stimulation of the gang- 
lion. The early investigations of thalamic 
excitation in which motor phenomena were 
described have been criticized on the sus- 
picion that the responses were due to spread 
of current to adjacent structures, such as 
the internal capsule ; the objection has never 
been satisfactorily answered. The more re- 
cent, better-controlled studies have empha- 
sized the two types of response from the 
midline or medial thalamic stimulation. The 
one is an arrest phenomenon, characterized 
by staring spells. Hess ® considered this an 
“adynamia” ; Jasper and associates,* as akin 
to petit mal. The second type of response 
consists of alterations in the autonomic 
sphere—blood pressure, respiration, piloerec- 
tion, etc—which may be obtained from a 
wide area along the midline of the thalamus 
from the anterior nuclei* to the habenula.® 
It is possible that the “psychomotor” attacks 
which we have noted belong in this general 
type of diencephalic fit. 


* References 10, 11, and 14. 
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On the basis of its known function, one 
might surmise that stimulation of the lateral 
nuclear mass of the thalamus would give 
rise to sensory phenomena. In a monkey 
such attacks are difficult to detect unless the 
animal reacts overtly. Only one animal in 
this series appeared to have paresthesias ; in 
that case the penicillin was injected into the 
ipsilateral substantia nigra, but it is possible 
that it might have infiltrated to the basal 
thalamic region. Whittier and associates ** 
reported that one monkey, after an intra- 
thalamic injection of alumina cream, seemed 
to have paresthesias in the contralateral 
limbs. That these were of an epileptic nature 
cannot be assumed, since the electroencepha- 
lographic findings were not given. In another 
monkey generalized seizures, beginning first 
on one side and then on the other, occurred 
after intrathalamic injections of 


19 


alumina 
cream. 

Striatal Fits—Stimulation of the basal 
ganglia has been said to induce many types 
of motor phenomena. Most were probably 
due to stimulation of fibers of passage. Met- 
tler** has shown that excitation of the 
pallidum in cats after frontal decortication 
and capsular degeneration or pyramidal sec- 
tion produces tonic movements, usually of 
the ipsilateral forelimb, and contralateral 


turning of the head. However, in this study 


the attacks consisted of clonic jerkings of 
the contralateral extremities. Kopeloff and 


19 


associates '* record that one monkey, about 
five weeks after injection of alumina cream 
into both putamens, went into status epi- 
lepticus. Mettler ** reported that stimulation 
of the subthalamic nucleus produced contrac- 
tions of the dorsal midline musculature 
of the contralateral side of the body. Of the 
five injections of this series involving this 
nucleus, two produced contralateral clonic 
seizures, one a generalized attack, and two 
no overt manifestations. 

Uneal Fits—On the basis of Gastaut’s,’ 
Kaada’s,¢ and other reports of a galaxy of 
responses upon stimulation of the amygdala 


+ References 15-18. 
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and hippocampus, one might have expected 
to see many bizarre seizures following injec- 
tion of penicillin into the medial temporal 
ganglia. The arrest reactions “attention,” 
staring, and immobility induced by electrical 
stimulation t were not seen in these experi- 
ments; perhaps they were masked by the 
intense motor phenomena. However, Gastaut 
and associates® have reported attacks of 
arrest, immobility, and adversion following 
the injection of alumina in the amygdala of 
the cat. 

The pathways of propagation of these sub- 
cortically induced seizures is an important 
question. In two cases we were able to 
demonstrate that the fired the 
motor cortex, inducing the focal attack. Our 
studies, as well as those of others on the 


thalamus 


propagation of discharges from the amygdala, 
suggest that cortical structures are early in- 
volved, and that and 
mammillary bodies are not essential for the 
production of the seizures. Thus, the sub- 
cortical the 
would appear to be an important factor in 
the fits. 


the hypothalamus 


excitation of cerebral cortex 


That subcortical ganglia influence the elec- 
trical activity of the cerebral cortex has been 
recognized since 1933, when Gerard, Mar- 
shall, and Saul" first recorded the electrical 
potentials of the thalamus. Seven years later 
Lewy and Gammon * altered the spontane- 
ous activity of the cortex by stimulating the 
sensory pathways. The paper of Fields and 
associates * demonstrated the propensity of 
the lateral geniculate body to induce repeti- 
tive cortical discharge independent of the 
thalamic stimulus sequence and continuing 
after its cessation. 

Many of the phenomena originating in 
the amygdala and hippocampus seem to be 
mediated by the cerebral cortex. After the 
original studies of Fuster and the Gibbs on 
the anterior temporal epilepsies, experimental 
studies by Hunter § and Ajmone-Marsan 


t References 2, 15, and 16. 
§ References 10 and 11. 
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and Stoll || demonstrated that stimulation of 
certain septal and thalamic nuclei induced 
epileptiform after-discharge in both temporal 
poles simultaneously in cat { and monkey.’ 
Green and Shimamoto’ showed that the 
discharges from the hippocampus are propa- 
gated not by way of the fornix but through 
commissural fibers of the psalterium to the 
temporal lobes and other cortical areas pro- 
ducing motor fits. Liberson and Akert,** in 
unanesthetized guinea pigs, demonstrated a 
preferential spread from the hippocampus 
to the centrocaudal isocortex. The arrest of 
activity seen after hippocampal stimulation, 
Andy and Akert* believe occurs only when 
the after-discharge has extended to the limbic 
and isocortex. 


In man, the after-discharge in the temporal 
cortex subsequent to amygdala stimulation 
is well known. Cortical discharge due to 
electrical of other basal nuclei 
has not been extensively studied. In clinics, 


excitation 


one encounters patients who have focal con- 
vulsions but no gross lesion of the cerebral 
cortex. We suspect that their epilepsy origi- 
nates in the basal nuclear structures. Only 
by systematic depth recording could such 
foci be demonstrated, for their clinical and 
electroencephalographic manifestations are 
almost identical with those presented by 
cortical lesions. 

that 
may act upon the cere- 
bral cortex to induce convulsive activity. But 


is, then, abundant evidence 


There 
subcortical ganglia 


this is not proof that subcortical propagation 
alone may not occur and be adequate to give 
rise to motor phenomena. In hemidecorticate 
preparations we have not been able to pro- 
duce focal seizures by subcortical stimula- 
tions, either chemical or electrical. Yet there 
are many anatomical pathways whereby dis- 
charges might spread to the brain stem with- 
out relaying through the cerebral cortex, and 


|| Ajmone-Marsen, C.; 
Subcortical 


Stoll, J., 
Connections of 


and Jaspar, H.: 
Electrophysiological 
Studies of the Tip of the Temporal Lobe, read at a 
meeting of the American Electrcencephalographic 
Society, Atlantic City, June 10-11, 1955. 
Marsan and Stoll.! 

{ References 10 and 11. 
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there is much evidence to suggest that con- 
vulsions may be induced in the absence of 
the cerebral cortex. 

The relative poverty of the responses ex- 
hibited by subcortically induced seizures, as 
compared with the wealth of the manifesta- 
tions of cortically originating fits, may be 
related to the compactness of a subcortical 
ganglion, which when stimulated seems to 
discharge as a whole. Although the ventro- 
lateral thalamic nucleus has a topical rela- 
tionship to face, arm, and leg areas of cortex, 
convulsive discharge involves the entire 
nucleus, thus blurring its fine ‘unctional 
ditferentiations. 

SUMMARY 


A total of 82 subcortical injections of pro- 
caine penicillin G in oil (0.03 cc.—10,000 
units) were made in 25 monkeys. These in- 
jections produced 35 spontaneous seizures— 
an additional 2 were induced with pentylene- 
tetrazol ( Metrazol). Electroencephalographic 
abnormalities followed the injection in 56 
animals. 

The seizures produced consisted mainly of 
contralateral focal motor attacks, adversive 
seizures, and psychomotor attacks. 


The EEG concomitants of these attacks 
consisted principally of an intermittent or 
continuous focal spiking discharge over the 
central and, less frequently, the temporal 
cortex. There were, however, a variety of 
abnormalities, ranging from localized high- 
voltage sharp waves to generalized slow- 
frequency waves. 

The lesions were located in most of the 
basal ganglia, and little specificity for par- 
ticular seizure patterns for any given struc- 
ture was noted. 

The attacks and EEG abnor- 
malities were largely indistinguishable from 
those commonly attributed to seizures of 
cortical origin. 


clinical 
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Special Articles 


FURTHER DISCUSSION OF “A NOTE ON MORRELL AND ROSS'S ‘CENTRAL 
INHIBITION IN CORTICAL CONDITIONED REFLEXES’ ” 


FRANK MORRELL, M.D. 
Minneapolis 


W* ARE gratified at the interest Weiss * has shown in this work and grate- 
ful for the opportunity to discuss his criticisms. The interpretation of our 
data is of more than theoretical interest because, since the initial studies reported 
by Ross and myself, we have continued to expand and develop this technique, and 
especially to apply it to the study of focal epilepsy, with some interesting results. 

To clarify our present opinion, I should like to comment briefly on the specific 
criticisms and then outline our own concept and use of the term “inhibition.” 

Weiss offers an alternative explanation for the experimental finding of an 
increased visuomotor reaction time following extinction of a conditioned alpha 
blocking to a sound stimulus. The explanation applies also to the equally increased re- 
action time recorded during the delay interval in a delayed conditioned reflex. Weiss 
feels that the prolongation of reaction time is better explained by a loss of prepara- 
tory “set.” That is, following the extinction procedure the subject no longer 
“expects” the sound to be followed by light and is not “ready” to respond, therefore 
showing a prolonged reaction time. Similarly, the subject has become “used” to 
the six-second interval in the delayed conditioning experiment and therefore is 
“surprised” and “unprepared” when the light is suddenly introduced 0.5 sec. after 
the sound. 

We hasten to state that we have no refutation of this explanation. The concept 
of “preparatory set’ is certainly well established in psychological literature but is, 
in our opinion, an explanation which neither clarifies the nature of the phenomenon 
nor leads to experiments which by deeper, more concrete, analysis might elucidate 
its mechanism of action. To say that it is more parsimonious when it contributes 
nothing to further understanding is, to quote Hebb,* “like saying that the conception 
of mind is more parsimonious than all the details of neuroanatomy and neurophysi- 
ology—a single conception explains everything.” Our interest is precisely in the 
latter sphere, in the analysis of the concrete experimental facts, in the physiological 
counterparts of, for example, what Weiss chooses to call “readiness to respond.” 

We cannot agree that the data on which we base our conclusions are “behavi- 
oral” if by that term Weiss suggests they are not physiological. Our interpretation 
in physiological terms rests on two elementary and well-accepted physiological as- 
sumptions. One is the assumption of some form of localization of function in the 
central nervous system (whether by area or by quality of tissue is not important for 
this distinction), and the second is that of transmission in the central nervous system. 
In other words, we assume that when the visual system responds to an auditory 
stimulus, transmission of nerve impulses has occurred (a temporary connection has 
been formed) between the auditory and visual centers. When a motor response to a 
light stimulus is produced, we assume a transmission of nerve impulses from visual 


Accepted for publication Dec. 8, 1955. 
* Hebb, D. O.: Personal communication to the author. 
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to motor centers. We make no assumptions as to the exact pathways involved. In the 
first case we measure simply the presence of transmission (the existence of a connec- 
tion), and in the second, the presence, and also the rate, of transmission. These, we 
believe, are physiological measurements. We use the term inhibition to describe an 
observed, exactly measurable loss (or reduction in rate) of central transmission 
within the system studied. We imply that this is a positive effect, not a phenomenon 
of exhaustion, and can demonstrate its reversibility when the factors (specifically 
defined) responsible for the state have been dispelled. Our problem, then, is to 
discover the precise factors governing the making, breaking, and rate of such central 
nervous connections. 


The experiments under discussion were some of many in which we tried to 
relate the loss of one kind of connection with changes in the rate of another kind 
of central connection or transmission. Our results were those which would have 
been predicted by the Pavlovian hypothesis of a positive inhibition and thus tend to 
confirm this hypothesis. They neither confirm nor deny the hypothesis presented 
by Weiss. 

Weiss also mentions with regard to the delayed conditioning experiment that 
“abundant literature” has shown that the length of the foreperiod itself affects the 
reaction time. But it should also be noted that optimal reaction times are seen 
with 2- to 4-second intervals and that the statistical change is approximately the 
same when the delay is 0.5 second or 6 seconds. In any case the slight prolongation 
due to this factor is far below the figures noted in our experiments. Incidentally, it 
would be quite interesting to ask, even here, What is the physiological consequence 
of such variation in foreperiod? 

One further point must be made. Weiss’ “explanation” applies only to the reac- 
tion time results in two of the three experimental situations. Weiss neglects entirely 
the third part of our study, in which we were able to reproduce the same delay in 
reaction time by presentation of a conditioned inhibitor, together with the positive 
conditioned stimulus immediately following a reinforced presentation of the positive 
conditioned stimulus. It seems to us that this cannot be explained by lack of 
“anticipatory set.”” A new factor has been added; a positive effect has to be accounted 
for. Nor can this latter concept explain the fact that the conditioned reflex itself 
was lost, i. e., the temporary connection interrupted, in each of the three experi- 
mental situations. Since the conditioned alpha response is a completely unconscious 
and involuntary reaction, it is hard to believe that lack of “expectation” or “prepara- 
tory set” was responsible for its loss. Thus, Weiss would have to find supplementary 
explanations for each of these instances, while the hypothesis of a positive inhibition 
subsumes them all.7 

Finally, we should like to state clearly the provisional character of our conclu- 
sions and to point out their direct dependence upon specific experimental conditions. 
For example, we have found in further experiments that it is possible under certain 


circumstances to dissociate the kind of transmission or temporary connection 


involved in reaction time from that involved in alpha conditioning and to vary them 
independently. This later work has not challenged the assumptions made in the 
original study but has made us more aware of the complexity of this nervous func- 


+ There is some evidence to suggest that the alpha-blocking response itself may reflect some 
physiological counterpart of a localized, unconscious neuronal sensitization or readiness to 
respond. But the loss of this response when a negatively conditioned stimulus is presented argues 
more for an active inhibition than simply lack of “expectation.” 


564 


4 

a 
ae 

“4 

t 


CENTRAL INHIBITION IN CORTICAL CONDITIONED REFLEXES 


tion. The important point here is that the concepts of central transmission, tem- 
porary connection, and inhibition are objectively and precisely measurable. They 
are therefore subject to a series of experimental tests which eventually will confirm 
or modify them or cause their rejection. “Anticipatory set” provides no such test 
of its validity. 

By remaining within the sphere of physiology, by utilizing concepts such as we 
have outlined, it has been possible to study concretely the relevant “details of neuro- 
anatomy and neurophysiology.” We have therefore preferred this terminology and 
this frame of reference to a terminology which required us to make unmeasurable 
assumptions both as to the psychological state of the subject and regarding the rela- 
tion of this state to cortical physiology. 
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News and Comment 


ANNOUNCEMENTS 


The American Neurological Association.—The 8lst Annual Meeting of the American 
Neurological Association will be held at the Claridge Hotel, Atlantic City, June 18-20, 1956, 
under the presidency of Johannes M. Nielsen, M.D., of Los Angeles. 

All communications regarding the meeting should be addressed to Charles Rupp, M.D., 
secretary of the Association, 133 S. 36th St., Philadelphia 4. 


U. S. Public Health Service.—The Public Health Service has announced a new procedure 
to expedite the processing of research grant applications for those requests which do not 
exceed $2000 plus indirect costs and which do not ask support for more than one year. Such 
applications will be accepted and processed on receipt and are not therefore subject to the 
usual deadlines for submission prior to review. 

Council recommendations can be expected on these applications within one to four months 
from the time of submission. These procedures do not apply for requests for supplements to 
existing grants. 

Address all applications, as well as requests for forms or additional information, to the 
Division of Research Grants, National Institutes of Health, Bethesda 14, Md. 
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NEW YORK ACADEMY OF MEDICINE, SECTION OF NEUROLOGY AND PSYCHIATRY, 
AND NEW YORK NEUROLOGICAL SOCIETY 


Joseph W. Owen, M.D., Chairman, Section of Neurology and Psychiatry, Presiding 
Joint Meeting, Nov. 14, 1955 


A Controlled Study of Reserpine in Treatment of Mental Illness. Dr Lucite M. 
Ware and Dr. Curtis T. Prout, White Plains, N. Y. 


Fifty patients, ranging in age from 15 to 78 years, were treated at the New York Hospital- 
Westchester Division with reserpine (Serpasil) in a double-blind study to compare the effective- 
ness of this drug with that of identical courses of placebo. The medication was administered 
according to a planned schedule, and observations were made using a standard rating scale. 
The placebo disguise was considered effective. 

The drug was employed in three dosage schedules: (1) low dose: 3.5 mg. intramuscularly, 
followed by daily oral administration of 1.5 mg.; (2) moderate dose: 5 to 10 mg. orally daily 
for first week, 5 mg. for second week, and 2.5 to 5 mg. orally for duration of treatment; 
(3) high dose: 5 mg. twice daily intramuscularly, augmented by 5 mg. daily, to a maximum 
daily amount of 30 mg. An oral dose of 15 mg. was then substituted for the intramuscular 
injections, and the dosage gradually reduced to 5 to 10 mg. orally, daily. 

Side-effects noted ranged from flushing of the face to a marked lassitude and a Parkinson- 
like syndrome. Hypotension and bradycardia were constant side-effects. The severity of the 
side-effects was in direct ratio to the size of the dose, while psychological benefit was not 
dependent on the size of the dose. The suggested effective therapeutic range, with minimal 
side-effects, lay between 2 and 10 mg. orally. 

In this study there was significant benefit to schizophrenic patients, particularly in the 
catatonic group. The manic-depressive circular group was helped in the manic phase but not 
in the depressive phase. Half the patients with agitated depressions received benefit, but only 
while on the medication. Transient improvement was noted in the psychoneurotic group. The 
elderly group became more manageable but were prone to stasis problems and side-effects. 
Reserpine was regarded not as a cure but as another valuable addition to the armamentarium 
of the psychiatrist in making the patient more amenable to psychotherapy and program therapies. 


DISCUSSION 

Dr. Jack Lonpon: I would like to ask whether the drug compares with chlorpromazine, 
and how you compared the two. 

Dr. Peter G. DeENKER: Did you notice any increase in depressions at the times when 
you used reserpine? 

Dr. Lawrence H. GauwaGan: I would like to point out that reserpine will produce 
depressions, and that, in line with Dr. Denker’s question, it is hard to see how this drug 
could possibly be used in the treatment of depression. There are three articles in the October 29th 
issue of The Journal of the American Medical Association, all of which report that reserpine 
causes depression in a significant number of patients. 

Dr. WILLIAM OFFENKRANTZ: I would like to inquire whether any effort was made to 
evaluate the role of the “adjunctive therapy” that was continued during the course of reserpine, 
namely, psychotherapy, when used either with the placebo or with the medication itself. 

Dr. Curtis T. Prout, White Plains, N. Y.: As to how reserpine compared with chlor- 
promazine, we did not run a control with chlorpromazine, but at the same time we are 
using chlorpromazine. In general, I feel that chlorpromazine has perhaps been somewhat more 
effective. The difference is essentially in the fact that the side-effects are reversible with 
reserpine, and in the case of an anxiety, or such a condition as was indicated in the report as 
catatonic schizophrenia, in which it operates, we would prefer to use reserpine. We have 
a planned laboratory study in conjunction with the use of chlorpromazine which is keeping 
down the side-effects and poor reactions from it. 
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With regard to adjunctive therapy associated with treatment, we feel that the patients 
we placed on chlorpromazine medication following electroshock have a tendency to maintain 
the benefits of the electroshock better than they would with electroshock alone. 

With respect to whether psychotherapy is more effective, I think that the drug opens the 
patient somewhat more to psychotherapy, and in our subsequent results we feel that we gained 
a great deal in time and the ability to approach the patient. 


In the matter of the occurrence of depressions, we did not see depressions as such as the 
result of our use of reserpine—we did see, however, a marked lassitude, but the reaction 
was not that of a depression in the studied series. I know articles have been published on 
depressive reactions to reserpine, but it just happens we did not see them. I think that such a 
reaction is a very strong potential, and one must be on the alert for depressions. Some of the 
patients in the published reports have gone on to suicide following a depressed reaction with 
the use of reserpine. 


Psychotherapy of Masochistic Character: Illustrative Cases. Dr. CHARLES BRENNER. 


The masochistic character has a variety of unconscious determinants, of which several will 
be present in any one case. However, the particular ones which are present and their relative 
importance will vary from case to case. The following unconscious determinants and mechanisms 
are important in the formation and structure of masochistic character structure: (1) turning 
of aggression or rage against the self; (2) passive or feminine sexual gratification; (3) 
reaction formulation against aggressive or sadistic wishes; (4) self-punishment; (5) propitiation 
of and seeking love from a parent; (6) identification; (7) projection; (8) magical control of the 
environment. These mechanisms were illustrated by two case presentations. 


DISCUSSION 

Dr. Norsert BrRoMBERG: enjoyed Dr. Brenner's discussion of this highly complicated 
problem. Apparently, there is a renewed awareness of the importance of this problem. Perhaps 
it is due to the greater frequency with which it is being observed. As in every other medical 
problem with a greater degree of observed frequency, the question arises as to whether this 
apparent increase is due to the more refined methods of detection, of diagnosis, or whether 
there is an actual increase of incidence because of changes in causative factors in the community. 
I am inclined to feel that both factors play a role here. 

With regard to the etiology, very little has been written on this subject. Dr. Brenner’s 
paper has covered some of the ideas that have been put forward, as well as his own, on the 
subject. 

Dr. Srpney Krein: Dr. Brenner referred to an aspect of masochism which gives the 
sufferer a feeling of great strength. Here we see an expression of it as a cultural phenomenon. 
However, as Dr. Brenner shows, the patients are people who need one’s help with this patho- 
logical masochism. A degree of masochism does contribute to one of the excellent bits of 
sublimation we hunger for in everyday life in a civilized society. 

Dr. Peter G. DenKER: Always significant to me, when I hear these lengthy, theoretical 
psychoanalytic explanations, is what is omitted. Despite the verbose description of “mechanisms,” 
and two to three years of analysis, not a word was said about the progress or prognosis 
in these cases. I would like to know what clinical results are achieved in your expert hands 
by this prolonged treatment. 


Dr. Leo L. Orenstertn: Dr. Brenner limited his discussion, and I think wisely, to cases 
of prolonged treatment. Most of us, including Dr. Brenner, have at some time treated patients 
at clinics. Here we see the patient infrequently, as compared with established analytic practice. 
Yet, and this may bear on Dr. Denker’s question, when we see people with masochistic char- 
acter, we are able to help a number of them gain better health. 


My own experience at two hospitals includes the treatment of a number of patients of the 
type Dr. Brenner described. So long as these patients are shifted from one clinic to another, 
their medications changed from visit to visit, their plantiveness ignored, or frequently not 
correctly evaluated, they will not improve at all. It has been my experience that these people 
can be helped by pointing out the masochistic drives rather than experimenting with a dif- 
ferent prescription on each visit. In fact, with such patients, one can safely apply what might 
be called “cold turkey” treatment as far as medication goes. 
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Dr. CHARLES BRENNER: Dr. Denker asked about prognosis. These patients are very 
difficult to treat, and I certainly do not have a large enough series to be able to give a statistic 
that means anything. I would say it is possible in some cases, and I think it was so in those 
cases I presented, to produce substantial improvement in the severity of the clinical symptoms. 


Tissue and Serum Aldolase in Neuromuscular Disease. Dr. STantey B. ARONSON and 
Dr. Bruno W. VoLk. 


The serum aldolase test was applied to 250 patients with a wide variety of neuromuscular 
disorders. In 29 cases of progressive muscular dystrophy the serum aldolase level was invariably 

elevated. The magnitude of this increase was most pronounced in children, the degree of ele- 

vation diminishing progressively in older patients with the disease. Contrariwise, tissue aldolase 

levels, in cases of muscular dystrophy, were significantly depressed. In nuclear myelopathies 

(progressive degenerative diseases involving the spinal anterior horn cells) a moderate hyper- 

aldolasemia was apparent. Patients with conditions falling in the category of upper-motor- ale 
neuron lesions (vascular hemiplegias), diffuse cerebral degenerative disease (e. g., Schilder’s 

disease, multiple sclerosis), or wasting infirmity of non-neurologic origin (e. g., incapacitating 

arthritis) invariably displayed normal or subnormal serum aldolase values, in spite of evident 

muscular atrophy. 


In experiments performed on dogs, a slightly belated but significant rise in serum aldolase 
was recorded after femoral neurotomy. Muscular atrophy induced by tenotomy, with preserva- 
tion of nerve supply, however, was not attended by any rise in the serum aldolase. 


From the limited clinical and experimental data it would appear that elevation of serum 
aldolase occurs preeminently in primary progressive myopathy and, to a less extent, in those 
forms of muscular atrophy consequent to functional severance of the lower-motor-neuron 


complex. 


DISCUSSION 
Dr. Lewis P. Row ann: This presentation by Drs. Aronson and Volk has been of con- 
siderable encouragement to us at Montefiore Hospital. We have been measuring serum 
aldolase in the laboratory of Mr. George Ross and were disappointed to find that we could 
not confirm the results of Dreyfus and the Schapiras, who originally introduced this as a 
diagnostic test for muscular dystrophy (Semaine hdp. Paris 29:1917, 1953; Am. J. Phys. Med. 
35:313, 1955). 

None in our group of patients with myopathic disorders (progressive muscular dystrophy, 
myotonic dystrophy, and miscellaneous myopathies) have had significant elevations of serum 
aldolase, as compared with a control group (normals and patients with seizures, headache, 
or myasthenia gravis) or with a group of patients with other wasting diseases (neural, nutri- 


tional, and malignant). 


Our series is still small, and we are not yet ready to make any definite conclusions. We 
did suspect that one possible reason for the discrepancy between our findings and those of the 
French workers might lie in the selection of patients. Many of their myopathic patients with 
hyperaldolasemia were children, whereas all of our patients have been adults, some surviving 
a disease process which had started in childhood, others with myopathies of more recent onset. 
Therefore our patients constitute a heterogeneous group as far as tempo and duration of the 


disease process are concerned. 


The work of Drs. Aronson and Volk may provide the link between these two apparently 
disparate findings. For they have confirmed Dreyfus and the Schapiras in finding the eleva- 
tion of aldolase in children with myopathies, while their adults with myopathies, like ours, «tt 
had values more nearly normal. I should like to ask Drs. Aronson and Volk how their normal 
values were established and whether there were any differences between normal children and 
adults. I was impressed with the large number of patients in the myopathic group who were 
past 30 years of age. Were these all survivors of childhood dystrophy, or in some of them 
was the disease of recent onset and still in an active stage of evolution? Was there any dif- 
ference in the aldolase values for the different kinds of dystrophy and myopathy? If so, did 
this parallel the degree of wasting? Finally, was there any trend in the values of patients 
who were followed with repeated determinations which might suggest that hyperaldolasemia 
is a measure of activity? 
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Dr. Tuomas K. Davis: Dr. Aronson has mentioned six categories. He has gone from 
cases in which the lesions are in the muscle tissue—mention has been made of experimental 
investigations of peripheral nerve lesions in dogs—to cases in which the lesions are in the 
spinal cord. But what about cases in which the sympathetic nervous system plays a main role? 

Benisty, at the period of the First World War, described the condition known as a reflex 
nerve disorder. It does not rest upon an injury to a peripheral nerve. Instead, it follows an 
injury to a part—most usually an arm—and the physiological changes which arise distally 
evolve through the sympathetic system. True enough, the degree of muscle atrophy, in which 
Dr. Aronson is interested, is in these cases relatively minor, but it is there. Also, the reflex 
nerve disorder case is indeed rare in civilian life. 

I would suggest that the authors include such cases if they can come across them. This 
would fill what I consider a small gap in their study. 


Dr. STANLEY M. Aronson: Our normal values of serum aldolase were based upon 
specimens derived from about 50 healthy persons—laboratory technicians, students, and a 
number of hospitalized patients with nonincapacitating, generally transient diseases. Our 
normal level of 7.14 units per milliliter was in substantial agreement with levels determined 
in other laboratories. No significant differences in serum aldolase values between children 
and adults were evident. 

Most of our patients have come from the National Foundation for Muscular Dystrophy 
and the wards of the Jewish Chronic Disease Hospital and Kings County Hospital Center, 
Brooklyn. The diagnosis was generally established on the basis of biopsy and clinical evalua- 
tion. The ages, in the muscular dystrophy group, ranged from 4 to 55 years, the majority 
of patients being within the first two decades of life. No cases of myotonic dystrophy were 
included in this series. 

Some trends were apparent in patients tested consecutively by this procedure. In three 
young boys with muscular dystrophy aldolase levels were obtained at about monthly intervals. 
The values tended to diminish slightly in a study period of about nine months, in accordance 
with the decline previously described. In a group of children afflicted with Tay-Sachs disease, 
serial determinations were also carried out. There is progressive anterior horn cell involve- 
ment as a component feature of this disease. The serum aldolase levels tend to rise during the 
first 18 months of the disease, coinciding with the progressive limb flaccidity and atrophy, 
and then diminish. 

In answer to the query concerning aldolase levels in cases of peripheral neuropathies, we 
regret that our results for this category are insufficient, because of limited patient material. 


Complications of Cerebral Arteriography in Two Hundred Twenty Cases. Dr. D. R. 
Coppon and Dr. H. P. Kriecer. 


Carotid arteriography provides unique information, but may be attended by complications. 
In this study, complication is defined as any detrimental change occurring in the first 24 
hours after arteriography; the over-all rate of complications was 14%; of these, less than 
2% were permanent. There were no deaths. Factors associated with complications were (1) 
intravenous anesthesia; (2) multiple carotid injections; (3) progression of neurological signs ; 
(4) depressed level of consciousness; (5) age past 50, and (6) presence of tumor or aneurysm, 
the latter having the greater rate of complication. No single factor served to predict complica- 
tions in a given patient. In this series the diagnostic information obtained outweighed the 
risk of complications. 

DISCUSSION 

Dr. Jack Lonpon: Have you ever performed angiography in pregnant women, and, if so, 
have you had any deleterious effect, as far as you know? 

Dr. JosepH Stern: Can you tell us more about the group which had the intravenous 
barbiturate anesthesia? Is this group in any way different in their general condition or etiology 
from the others? 


Dr. Davin R. Coppon: In answer to Dr. London’s question, we did not have any pregnant 
patients in whom the procedure was carried out. 

In reply to Dr. Stein’s question concerning the use of intravenous barbiturate anesthesia, 
it was most frequently used for emotional and psychological reasons; that is, anesthesia was 
used either in patients who were extremely anxious or restless, or where the family situation 
was such that anesthesia was required to placate the relatives. 
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NEW YORK NEUROLOGICAL SOCIETY AND NEW YORK ACADEMY OF MEDICINE, 
SECTION OF NEUROLOGY AND PSYCHIATRY 


George H. Hyslop, M.D., President, New York Neurological Society, Presiding 
Joint Meeting, Nov. 14, 1955 


Presidential Address: What Makes a Clinician. Dr. Grorce H. Hystop. 


Failure of Conditioning in Patients with Cerebral Lesions. [)r. Louis Bertin and Dr. 
Harotp G. Wo rr. 


A complex conditioned reaction dependent upon cerebral hemisphere function was studied to 
clarify whether a particular part of or the whole cerebrum is involved in the conditioning process 
and to ascertain to what extent the degree of impairment of function 1s related to the mass of 
tissue loss. The subjects were 50 persons with intact cerebral hemispheres and 23 with cerebral 
hemisphere lesions. Of the latter, 11 had one circumscribed lesion of known dimensions and 
location—6 in the frontal lobe, 3 in the temporal lobe, and 2 in the occipital lobe. 

The conditioning procedures aimed at establishing a stable positive conditioned response to a 
tone, then negative conditioned responses to a light and calibrated tones, and, finally, at carrying 
out the negative and positive conditioned reactions in sequence. The results of the procedures 
were as follows: 


The subjects with cerebral hemisphere damage had difficulty in predictably relating a symbol 
to a significant event. Even after experiencing a positive or negative integrated reaction, persons 
with hemisphere damage had difficulty in stabilizing such a reaction; but, once having established 
and stabilized a positive conditioned response to a tone, those with cerebral damage could then 
more readily establish a second positive reaction to a different tone. The subjects with intact 
hemispheres and those with hemisphere lesions readily achieved differentiation between positive 
and negative conditioned stimuli when qualitatively different stimuli were employed. But subjects 
with damaged hemispheres had the greatest difficulty in maintaining stable negative and positive 
conditioned reactions when two or more stimuli previously linked with stable negative and 
positive responses were presented in sequence. In subjects with cerebral damage, repeated 
failures disrupted previously stable conditioned reactions. 

Regardles of the site of the hemisphere damage, the difficulties in establishing stable positive 
and negative condtioned reactions were the same, but the difficulties were proportional to the 
amount of hemisphere damage, to the complexity of the higher adaptive requirements, and, 
probably, to the rate at which the damage occurred. 


DISCUSSION 

Dr. Hans-LuKas TEuUBER: The authors are studying cases of disordered cerebral physiology 
in order to elucidate some of the normal bases of conditioning and learning. They are thus 
adopting an approach so far used in only a few laboratories, and one that yields information 
which can go well beyond the clinical situations in which it is established. The conclusions 
reached by Drs. Berlin and Wolff need not be restricted to their conditioning methods or to 
the kind of cases they have studied. Other forms of learning, tested in the presence of rather 
more focal lesions, give essentially the same results. 


Our own findings, though obtained with very different subjects, and with different methods, 
are quite consistent with those of Drs. Berlin and Wolff. We are working not with cases of 
tumor or vascular accident, but with cases of penetratnig gunshot wounds of the brain, and we 
are employing not conditioning, but various perceptual tasks. For instance, in some of the recent 
work in our laboratory, men with missile wounds of the brain, as well as control subjects, were 
taught to identify, by touch, two-dimensional geometric patterns. Repeated trials were made 
with each hand, and a curious result emerged: Men with missile wounds in any lobe of the 
brain, regardless of location of injury, failed to show significant learning with the hand opposite 
their injury; with the hand ipsilateral to the injury they did nearly as well as the controls. 
The deficit in tactile pattern learning was thus contralateral to the injury, but was not restricted 
tc any lobe ; furthermore, the deficit existed regardless of whether the hand considered did or did 
not show sensorimotor deficits, otherwise established. The brain injuries in our patients had 
been incurred, on the average, 10 years prior to testing; nevertheless, these men still showed a 
subtle, but significant, alteration in acquistion of perceptual discriminations. 
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Dr. Rogsert S. Morrow: | should like to address myself to two aspects of this very interest- 
ing study. The first concerns the relationship between brain structure and function. Research 
and clinical experience have now indicated that the so-called higher functions of intelligence, 
memory, reasoning, learning, etc., are dependent much more on the relationship between the 
degree of complexity of the activity and the extent of the brain lesion than on its site. The 
simpler and better-learned tasks, such as vocabulary, are relatively unaffected by brain damage 
in adults, while the more complex functions, such as complex conditioning processes, in contrast 
to simple ones, or new learning, in contrast to old, show profound impairment effects with sizable 
lesions. The current study of Drs. Berlin and Wolff gives further support to those theories of 
brain function that correlate the complexity of function and the amount of structural brain 
damage rather than to the formerly advocated correlation of function and locus of lesion. 

Dr. Haroip G. Wotrr: It is appropriate to discuss the orientation of our laboratory per- 
taining to the experiments having to do with cerebral function. These have been in process for 
some time, and will probably continue a good while longer. Neurology rightfully emphasizes the 
specific functions of parts of the nervous system, including portions of the cerebral cortex. The 
contributions of the neurosurgeons have done much to increase understanding of such localization 
of function. There is a highly predictable relationship between the site of electrical stimulation 
of the cortex and various kinds of somatic and visceral effects. Indeed, much of our bedside 
procedure for localization of lesions of the brain has to do with this kind of relationship between 
parts of the cortex and function. It is time to ask again the question: Is this really the function 
of the cerebral hemisphere? Is the brain really like the cord, in which anterior horn cells and 
a limited number of muscle fibers are connected? Under what circumstances, and where, do 
learning, retention, discrimination, and abstraction take place? These are involved when one 
is talking about the highest integrative functions. With such questions in mind, we started on 
this series of experiments. At the moment it looks as if localization as regards learning, abstrac- 
tion, retention, and discrimination is not precisely limited to any one part of the cerebrum, 
and that a loss in these functions is related more to the amount of hemisphere loss generally than 
it is to loss in any one part. Also seriously impaired in those with hemisphere damage, and 
regardless of its site, is the capacity to endure failure. 


Diagnosis of Brain Tumor in Twenty-Five Patients Initially Treated as Psychiatric 
Problems. Dr. J. Lawrence Poot and Dr. James W. CorrELL. 


Twenty-five patients with histologically verified brain tumor, all initially treated as psychi- 
atric, have been studied in an effort to determine whether earlier tumor diagnosis might be 
possible. All but 4 of the patients received psychiatric treatment for more than one month, and 
12 were treated for more than one year. Fourteen had received electric shock (E.S.T.) treatment, 
and eleven, psychotherapy alone. The most frequent diagnosis (14 patients) was some form of 
depression, but other diagnoses included schizophrenia, behavior problem, and hysteria. 


Of the 25 patients, 15 presented signs and symptoms of organic disease of the central nervous 
system prior to psychiatric treatment, and 2 patients showed such symptoms within a few hours 
after the first E.S.T. (although treatment was continued—in one case for three years). All but 
two of the remaining patients showed some evidence of an organic brain lesion before psychiatric 
treatment was concluded. The symptom or sign of organic disease of the central nervous system 
most frequently unrecognized or not considered significant was a convulsive disorder (13 cases), 
oftenest psychomotor in type, and frequently associated with components of a temporal lobe 
syndrome. Other definite symptoms of an organic lesion presenting early in the course of illness 
of these patients included headache, hemiparesis, diplopia, hearing loss and tinnitus, and 
progressive memory impairment associated with incontinence of urine. Memory impairment alone 
was considered an indefinite symptom, as was “depression,” confusion, or extreme fatigability. 
Laboratory studies, such as plain x-rays of the skull and an EEG, when done, more frequently 
than not revealed evidence of an organic lesion. 

Ten of these patients were found to have a benign nonglial tumor, and only five of these 
are still living and well, having been relieved of both neurological and psychiatric symptoms 
by surgery one to seven years before. Of the remaining five patients, one, with an easily 
removable right frontal meningioma, died during E.S.T. without surgery, and in the others the 
tumors (two sphenoidal ridge meningiomas, one acoustic neurinoma, and one craniopharyngioma) 
were too far advanced to permit more than temporary benefit from surgery, although the two 
patients with sphenoidal-ridge meningiomas (each with a 13-year-history) had about two years 
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of relief before recurrence. Three other patients died without surgery, one having an unrecognized 
oligodendroglioma confined to the nondominant temporal lobe, and the other two each having a 
glioblastoma. It is apparent that early diagnosis would have allowed appropriate treatment of 
those patients who died without benefit of surgery, and might have made possible complete 
removal of the sphenoidal-ridge meningiomas and the acoustic neurinoma, while the best results 
in the treatment of the craniopharyngioma and glial tumors would have been obtained. 

In view of these findings, it would seem that when a psychiatric syndrome does not fit clearly 
into some definitely known disease entity, as Sands has pointed out, or when seizures, temporal 
lobe symptoms, headaches, or neurological symptoms are elicited in the history, every effort 
should be directed toward excluding an organic brain lesion, in particular, a brain tumor. 


DISCUSSION 

Dr. Irvinc J. SANps: The authors’ presentation and their cases speak eloquently and 
convincingly of the importance of an early diagnosis in these cases. I became interested in the 
subject some 35 years ago, when I was in charge of the department of pathology at the Manhattan 
State Hospital, on Ward’s Island. I had found so many organic changes, such as tumors, 
hemorrhages, etc., in brains of patients who had died with the diagnosis of a pure psychogenic 
condition that I became convinced of the entity of neuropsychiatry, and that neurology and 
psychiatry were just different phases of the same thing, like the two sides of a penny. 

Dr. James P. Cattrett: This topic is a very stimulating one, worthy of a whole day's 
seminar, and perhaps one can be organized some time. I think we should question whether 
sufficient attention has been given to the fact that the human organism has limited possibilities 
of response. The human organism is very flexible, but the possibilities of response are limited. 

We must exercise care in attributing all previous psychiatric difficulties to an organic lesion. 
There may or may not be a relationship. Psychiatric illness does not produce immunity to organic 
brain disease, and the converse also is true. Either may be present separately, successively, or 
simultaneously. 

Dr. LotHar B. Katinowsky: I hope that Dr. Correll and Dr. Pool will publish these cases 
with summaries of each case, so that we can study the details of the 25 cases, for they touch on 
basic problems in psychiatry. 

Seing interested in the possible localization of mental symptoms, I would like to ask if there 
were any tumors of the midbrain or third ventricle which had psychiatric manifestations. 


Dr. Lewis D. Stevenson: I may be out of order, but I should like to ask a couple of 
questions. I think the cases presented by Dr. Correll and Dr. Pool cannot have been studied in 
very good clinics. My questions are: How many of these psychiatric syndromes were cured 
by operation, and how many cases of psychoses developed after operation, particularly on the 
benign meningiomas. 

Dr. J. LAwrENcE Poot: As to whether we have seen psychotic symptoms develop after 
brain surgery: I do not recall any offhand. 

Dr. Stevenson, the clinics were not all good clinics; on the other hand, a few of these 
patients came from very good clinics and very good institutions, so that the oversights do not 
lie with any particular person or group. My only plea is that many of the patients who were 
institutionalized did not have x-rays which would often have shown the marked changes in the 
bone that must have been present for some time. 


Dr. Kalinowsky, we did not have any midbrain lesions in this series. I have seen quite a few 
paitents with midbrain tumors and do not recall any that became psychotic or were treated as 
such. Of course, von Economo pointed out that psychotic syndromes often occurred in patients 
with midbrain lesions as the result of encephalitis lethargica. 

Dr. James W. Corre: In these patients who were operated upon there was a definite 
improvement in the mental condition. For long-term postoperative evaluation, we can rely on 
the analysis of only six of the patients—five with meningiomas and one with an oligodendro- 
glioma—who have been followed for as long as seven years, and in all of these patients definite 
improvement occurred. 


In regard to psychoses after operation, I know we have had a few, but this is not a statistical 
analysis of all brain tumor cases, so that we cannot answer the question as to how many patients 
developed psychoses after operation. 
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H. HOLLAND deJONG, M.D. 
1895-1956 


We deeply regret to announce the sudden death, on Feb. 16, 1956, at the age 
of 61, of Dr. H. Holland deJong, Director of Research and Education of the 
Osawatomie State Hospital, Osawatomie, Kan. Dr. deJong had been in poor health 
for some time but had insisted on remaining at his post. His death is thought 
to have resulted from a massive cerebral hemorrhage. 

For many years Dr. deJong has been known as “The Father of Experimental 
Psychiatry” and was internationally known for his researches in producing symp- 
toms of mental illness in animals, a field which he was the first to explore. He 
is the author of numerous monographs and articles in his field and a book, “Experi- 
mental Catatonia.” 

Dr. deJong was born in Sneek, Netherlands, and received his education at 
the University of Amsterdam Medical School, from which he graduated in 1918. 
He served an internship at the Amsterdam University Hospital and a residency 
at the Aurich University Hospital with the famous Dr. Bleuler. He held teaching 
positions at the University of Amsterdam Medical School; Duke University, 
Durham, N. C., and the Johns Hopkins University School of Medicine, Baltimore, 
and has been special consultant to the U. S. Public Health Service. He was a Fellow 
of the American Board of Neurology and Psychiatry. Among numerous recogni- 
tions for his work, he was awarded the Ramaes Medal for the best work over a 
five-year period by the Netherlands Society of Neurology and Psychiatry and the 
Herpin de Genéve prize of the University of Paris. For nine years he received a 
grant from the Rockefeller Foundation to support his researches in psychiatry. It 
was here that he first earned his title as the “Father of Experimental Psychiatry.” 
The great Pavlov called his work “the greatest development in modern medicine.” 
He was also closely associated at one time with Dr. Adoli Meyer and Dr. Henri 
Baruch, of Paris. At the time of his death he was actively engaged in his researches 
into the relationship between certain abnormalities of liver functions and schizo- 
phrenia and had planned a wide-ranging and long-time program to cover this 
complex subject. No one can quite take his place in the field. 

In addition to being a brilliant man of research and a man of outstanding 
intellect, Dr. deJong was a charming personality and an excellent companion. He 
will be greatly missed by all who knew him or were associated with him in his work. 

Dr. deJong is survived by his wife and younger daughter, Joan, of Osawatomie, 
Kan., and Los Angeles. His children by a previously marriage are Dr. Rudolph 
deJong, of County General Hospital, San Francisco, and a daughter, Evelyn 
Yvonne, of Washington, D. C. 
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International Universities Press, Inc., 227 W. 13th St., New York 11, 1956. 


Culture, Psychiatry and Human Values: The Methods and Values of a Social 
Psychiatry. By Marvin K. Opler, Ph.D. Price, $6.00. Pp. 242. Charles C Thomas, Pub- 
lisher, 301-327 E. Lawrence Ave., Springfield, Ill., 1956. 


From Custodial to Therapeutic Patient Care in Mental Hospitals: Explorations in 
Social Treatment. By Milton Greenblatt, M.D.; Richard H. York, Ph.D., and Esther 
Lucile Brown, Ph.D. Price, $5.00. Pp. 498. Russell Sage Foundation, 505 Park Ave., 
New York 22, 1955. 


The Object Relations Technique. By Herbert Phillipson, M.A. Price, $10.00. Pp. 224, 
plus 13 test cards. The Free Press, Glencoe, Ill., 1955. 


Psychotherapy and Counseling (Annals of the New York Academy of Sciences, Vol. 63, 
Art. 3, pp. 319-432). By various contributors ; Editor, Roy Waldo Miner; Consulting Editor, 
Rollo May. Price, $3.50. Pp. 114. The New York Academy of Sciences, 2 FE. 63d St., 
New York 21, 1955. 


BOOK REVIEWS 


The Neuroses in Clinical Practice. By Henry P. Laughlin, M.D., Assistant Clinical 
Professor of Psychiatry, George Washington University School of Medicine; Head, Psy- 
chiatry and Neurology Division, Suburban Hospital, Bethesda, Md.; Consultant in Psy- 
chiatry, Walter Reed Army Medical Center. Price, $12.50. Pp. 802. W. B. Saunders 
Company, 218 W. Washington Sq., Philadelphia, 1956. 


There has long been need for adequate psychiatric texts in the English language, but the 
task of writing one has been too formidable. Dr. Laughlin has, however, had the temerity to 
attempt the job, limiting it to a discussion of the neuroses. The result is excellent. The author 
has covered with amazing detail and completeness the concepts of anxiety, conflict, defenses, and 
the major clinical entities. His style is lucid and discursive. Two hundred sixteen cases illus- 
trate the clinical material, and the viewpoint is modern psychodynamic. The book is in excellent 
form. There are a detailed table of contents and index, a sound bibliography, and an excellent 
glossary. In summary, the book is excellent and highly recommended for use by students and 
clinicians. 


4 
4 
4 
— 574 


HIGHLAND HOSPITAL, INC. 


Founded in 1904 Asheville, North Carolina 


Affiliated with Duke University 


A non-profit psychiatric institution, offering 
modern diagnostic and treatment procedures 
—insulin, electroshock, psychotherapy, occu- 
pational and recreational therapy—for nerv- 
ous and mental disorders. 


The Hospital is located in a seventy-five acre 
park, amid the scenic beauties of the Smoky 
Mountain Range of Western North Carolina, 
affording exceptional opportunity for physi- 
cal and nervous rehabilitation. 


The OUT-PATIENT CLINIC offers diag- 
nostic services and therapeutic treatment for 
selected cases desiring non-resident care. 


R. CHARMAN CARROLL, M.D. 


Diplomate in Psychiatry 
Medical Director 


ROBT. L. CRAIG, M.D. 
Diplomate in Neurology and 
Psychiatry 
Associate Medical Director 


DEVOTED TO THE ACTIVE TREATMENT OF 


MENTAL and NERVOUS DISORDERS 


Specializing in Psycho-Therapy, and Physiological therapies 


including: 
@ Insulin Shock @ Electro-Narcosis 
2828 S. PRAIRIE AVE. @ Electro-Shock @ Out Patient Shock Therapy 
Available 
CHICAGO 
Phone Victory 2-1650 ALCOHOLISM Treated by Comprehensive Medical- 


Medical Director 


MARY POGUE SCHOOL, Inc. 


Complete facilities for training, educationally and 
socially, the retarded and epileptic. Girls from 8 and 
boys from 4— separate living accommodations. 


Small classes. Individual assistance. Physical and 
occupational therapy and recreational programs. 


Long term residential care available. 
Institutional member I.H.A. and A.H.A. 
Catalogue on request. 


G. H. Marquardt, M.D. Barclay J. MacGregor 
Medical Director Registrar 


65 Geneva Road, Wheaton, Ill. (near Chicago) 
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outdoor activities. 
supervision. 


countryside. 


HALL-BROOKE 


George S. Hughes, M.D. 
Leo H. Berman, M.D. 
Alfred Berl, M.D. 

Louis J. Micheels, M.D. 


Alive Treatment 
A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 
A high ratio of staff to patients. 
Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 


Each patient is under constant, daily psychiatric and medical 


Located one hour from New York on 120 acres of Connecticut 


Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 


NEW YORK OFFICE, 46 East 73 Street 
Telephone: Lehigh 5-5155 


Robert Isenman, M.D. 

Blanche Glass, M.A. 

Mrs. Heide F. Bernard and 
Samuel Bernard, Administrators 


HIGH POINT 
HOSPITAL 


Port Chester, New York 
WEstmore 9-4420 


Emphasis is on analytically oriented psy- 
chotherapy, each patient receiving a 
minimum of three therapeutic hours per 
week. Other forms of treatment available 
adjunctively; therapy administered by 
attending psychoanalysts, and residents in 
advanced training under the immediate 
supervision of the director; staff of medical 
and surgical consultants; near New York 
City. 
Alexander Gralnick, M.D., F.A.P.A. 
Director 


William V. Silverberg, M.D., F.A.P.A. 
Chief Consultant in Psychotherapy 


Stephen P. Jewett, M.D. 
Chief Consultant in Clinical Psychiatry 


Licensed by New York State Dept. 
Mental Hygiene 


Helpfi ul suggestions 


SLEEP SHOULD MEAN REST 
HOW MUCH DO YOU NEED? 
-HOW TO PREPARE FOR SLEEP 


TEN COMMANDMENTS FOR | 
GOOD SLEEPING : 


for vest and relaxation 


MASTER KEY TO RESTFUL SLUMBER 
by J. E. Gibson 
8 pages, 15 cents 


SO YOU CAN'T SLEEP? 
by P. H. Fluck 


8 pages, 15 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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An Institution for the diagnosis and treatment of Psychiatric and Neurological illnesses, 
rest, convalescence, drug and alcohol habituation. 
Insulin Coma, Electroshock and Psychotherapy are oameres. The Institution is 


sonepet with complete laboratory facilities including electroencephalography and 
X-ray. 

Appalachian Hall is located in Asheville, North Carolina, a resort town, which justly 
claims an all around climate for health and comfort. There are ample facilities for 


classification of patients. 


Wo. Ray GriFFIN, Jr., M.D. Mark A, GRIFFIN, Sr., M.D. 
Ropert A. GriFFIn, M.D. Mark A. GRIFFIN, JR., M.D. 


For rates and further information write APPALACHIAN HALL, AsHEvILLE, N. C. 


66 Beverly Farm” HOME AND SCHOOL FOR 
INCORPORATED Nervous and Back- 
Founded 1897 e 
INCORPORATED 1922 ward Childr en 

11 buildings Can accommodate 200 children, 

220 acres of land with contemplated educational 

Mississippi River case for life. 


Address all communications to DR. GROVES B. SMITH, SUPERINTENDENT 
“Beverly Farm” GODFREY, MADISON COUNTY, ILLINOIS 


THE LIVERMORE SAMTARIUM and PSYCHIATRIC CLIMC 


Livermore, California 
Telephone: 313 
Oakland Office—411 30th Street 


FOR THE TREATMENT OF NERVOUS AND MENTAL DISORDERS 


THE OPEN CONVALESCENT DEPARTMENT, for nervous and general patients; the COTTAGE 
DEPARTMENT, for mental patients. Features: near Oakland and San Francisco; ideal climate; large 
beautiful grounds; hydrotherapy, athletic and occupational departments; clinical laboratory; large nursing 
force. Rates include room, suitable diet, medical care, general nursing and routine examinations. 


HERBERT E. HARMS, M.D.—Superintendent 


RIVER CREST SANITARIUM 


NERVOUS, MENTAL, AND ALCOHOLIC PATIENTS 


Layman R. Harrison, M.D. 
Physician in Charge 


Russell N. Carrier, M.D. Arthur Gordon, M.D. 


Consultant in Psychotherapy Consultant in Medicine 
Approved for resident training in Psychiatry 


A private hospital for the care and treatment of nervous and mental dis- 
orders. All accepted types of treatment available. Individualized atten- 
tion to psychotherapy, insulin and electroshock therapy. 

A cottage maintained expressly for elderly women with problems of 
senility and continued care. We also have accommodations for men 
requiring continued care. 

River Crest is located in a beautifully wooded and landscaped park of 
about twelve acres, secluded but easily accessible by subway, bus or pri- 
vate car. 


Full cooperation with referring physicians, who will find it convenient to 
visit or participate in the treatment of their patients while at River Crest. 


Martin Dollin, M.D. 
Clinical Director 


Katherine C. Kindred 
Administrator 


Ditmars Boulevard and 26th Street 
ASTORIA, L. L, NEW YORK CITY 
AS 8-0820 
TWENTY MINUTES FROM TIMES SQUARE 


RING SANATORIUM 
Eight Miles from Boston—Founded 1879 
For the study, care, and treatment of emotional, mental, personality, and habit 
disorders. 
On a foundation of dynamic psychotherapy all other recognized therapies are 
used as indicated. 


Cottage accommodations meet varied individual needs. Limited facilities for the 
continued care of progressive disorders requiring medical, psychiatric, or neuro- 
logical supervision. 


Full resident and associate staff. Courtesy privileges to qualified physicians. 
BENJAMIN SIMON, M.D. 


CHar_Les E, Wuirte, M.D. 
Director 


Assistant Director 


Arlington Heights, Massachusetts 


Mission 8-0081 


THE SOUTHARD SCHOOL 


Intensive individual psychotherapy in a resi- 
dential school, for children of elementary 
school age with emotional and behavior 
problems. 


J. Cotter Hirschberg, M.D., Director 


THE MENNINGER CHILDREN’S CLINIC 
Outpatient psychiatric and neurologic evalua- 
tion and consultation for infants and children 
to eighteen years. 


Department of Child Psychiatry 
THE MENNINGER FOUNDATION 


Topeka, Kansas; Telephone 3-6494 
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North Shore Health Resort 


on the shores of Lake Michigan 
WINNETKA, ILLINOIS 
NERVOUS and MENTAL DISORDERS 


ALCOHOLISM and DRUG ADDICTION 
Modern Methods of Treatment 


MODERATE RATES 


Established 1901 
Licensed by State of Illinois 


Fully Approved by the 
American College of Surgeons 


SAMUEL LIEBMAN, M.S., M.D. 
Medical Director 


225 Sheridan Road 


Winnetka 6-0211 


BALDPATE, Inc. 


Georgetown, Mass. 
Geo. Fleetwood 2-2131 


Located in the hills of Essex County, 


30 miles north of Boston 


For the treatment of psychoneuroses, per- 
sonality disorders, psychoses, alcoholism 


and drug addiction. 


Occupation under a trained therapist, 


diversions and outdoor activities. 


Harry C. Sotomon, M.D. Grorce M. Scutomer, M.D. 


Consulting Psychiatrist Medical Director 


ADAMS HOUSE 


Established 1877 


A non-commitment sanitarium and clinic, 
club-like in physical setting and atmos- 
phere, applying re-educational psycho- 
therapeutic methods in the study and 
treatment of the psychoneuroses exclu- 
sively. 


Located in suburban Boston contiguous to and 
overlooking the Arnold Arboretum 


James Martin Woodall, M.D., Medical Director 


990 CENTRE STREET, BOSTON, 
Jamaica Plain, MASS. 
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clinically proved in alcoholism 


brant cf DISULFIRAM (tetracthylthiuram disulfide) 


Feldman reports: 
“,.. ‘Antabuse’ therapy constitutes a major 
advance in treatment.”* 


“The use of alcohol in an ‘Antabuse’-treated 
patient results in physical symptoms which 
make continued drinking impossible ... few 
if any medical contraindications exist.”* 
*Feldman, D. J.: Ann. Int. Med. 44:78 (Jan.) 1956. 


... a “chemical fence” for the alcoholic 


A brochure giving full detaiis of therapy wil! be sent to physicians upon 
request, 


“ANTABUSE” is supplied in 0.5 Gin. tablets (scored), bottles of 50 and 1,000, 


* New York, N. Y. * Montreal, Canada 
5634 


4 
2 
3 
q | 
; 
; 
a SS 2 
| 
a 
= 
i 


ALCOHOLISM 


Edited by 


GEORGE N. THOMPSON, A.B., M.D., F.A.C.P. 
Associate Clinical Professor of Neurology and 
Psychiatry, School of Medicine, University of 
Southern California, Los Angeles, California 


A complete medical book on ALCOHOLISM is now 
offered for professional workers, physicians, and the 
general public. Although written for doctors it is couched 
in language understandable to the layman. 


Contributors 


HUGH A. EDMONDSON, M.D. 
ERNEST M. HALL, M.D. 

ROLLA N. HARGER, Ph.D. 
HAROLD R. HULPIEU, Ph.D. 
HAROLD E. HIMWICH, M.D. 
JOSEPH HIRSH, B.S., A.M., Ed.D. 
ALBERT A. MARINACCI, M.D. 
RICHARD O. MYERS, M.D. 

J. M. NIELSEN, B.S., M.D., F.A.C.P. 
ALONZO Y. OLSEN, M.D., F.A.C.P. 
GEORGE N. THOMPSON, A.B., M.D., F.A.C.P. 


The increasing need for a medical monograph on a 
PRIMARY SOCIAL, PUBLIC HEALTH, AND LEGAL 
PROBLEM, alcoholism, has brought together the efforts 
of a group of outstanding authorities in this comprehen- 
sive work on the subject. 


Linked as it is to mental disease, the problem of alcohol- 
ism is discussed from every aspect and the latest data 
available are discussed by WELL-KNOWN RESEARCH 
WORKERS AND WRITERS. Alcoholism is studied 
from the standpoint of 


Public Health and Social Aspects of Alcoholism 

The Pharmacology of Alcohol 

The Pathology of Alcoholism 

The Neurochemistry of Alcoholism 

Internal Medical Aspects of Alcoholism 

The Neurology of Alcoholism 

The Psychiatry of Alcoholism 

The Electroencephalogram in Alcoholism 
Published: Spring 1956 


560 pages 89 illustrations 


Sent on approval, $9.50, postpaid 


You'll be interested 
alsoin... 


HYPOTHALAMIC-HYPO- 
PHYSIAL INTERRELATION- 
SHIPS 


A symposium of the Third An- 
nual Scientific Meeting of the 
Houston Neurological Society, 
compiled and edited by WIL- 
LIAM §S. FIELDS, ROGER 
GUILLEMIN, and CHARLES 
A. CARTON. The purpose of 
this symposium is to organize 
in a lucid but condensed man- 
ner an up-to-date presentation 
of the principal problems relat- 
ing to the mechanisms which 
control the release of the various 
hormones of the posterior and 
anterior lobes of the hypophysis 
under homeostatic physiological 
conditions and in “stress.” Ist 
Edition published 1956, 176 
pages, 79 illustrations . . . Cloth, 
$4.75 


SIX CHILDREN 
By ESTELLE J. FOOTE, M.D., 


Psychiatrist in Charge Traveling 
School Clinic, Walter E. Fern- 
ald State School, Waverly, 
Massachusetts. An original, au- 
thoritative book written for 
those interested in helping chil- 
dren who are having any kind 
of trouble—and for those who 
want to keep children out of 
trouble in the first place. This 
book, based on complete studies 
and examinations by Dr. Foote 
of over 3600 children, offers 
hundreds of pages of fresh, new 
material for studying, diagnos- 
ing and advising them. Ist Edi- 
tion published 1956. Price 
indefinite. 


CULTURE AND MENTAL 
DISORDERS 


By RALPH LINTON, Sterling 
Professor of Anthropology, Yale 
University, New Haven, Con- 
necticut. The author describes 
and analyzes MENTAL DIS- 
ORDERS and ABNORMAL 
BEHAVIOR in various parts of 
the world. It opens up new and 
fascinating areas of speculation 
and will prove a thought pro- 
voking stimulus to all who are 
interested in the RELATED 
DISCIPLINES OF PSYCHOL.- 
OGY AND ANTHROPOL- 
OGY. Ist Edition published 
1956, 152 pages. . . Cloth, $4.50 


CHARLES C THOMAS + PUBLISHER 


SPRINGFIELD + ILLINOIS 


*twe have ceased to regard any of our patients as ‘incurable’ ”’ 


“Admittedly our recovery rates have tended to decrease progressively as 
chronicity increases. However, we have encountered several seemingly ‘mirac- 
ulous’ responses in patients hospitalized ten years or more and previously 
regarded as just about hopeless.””! 


AINE. 


tablets and syrup (as the hydrochloride), and in suppositories (as the base). 


‘Thorazine’ should be administered discriminately and, before prescribing, the physician should be fully 
conversant with the available literature. 


For information write: Smith, Kline & French Laboratories, Philadelphia 1 


1. Yohe, C.D.: in Chlorpromazine and Mental Health, Philadelphia, Lea & Febiger, 1955. 
*T.M. Reg. ULS. Pat. Off. for chlorpromazine, S.K.F. 
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